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Foreword 

Five  years  ago  the  National  Academy  of  Sciences-National  Research  Council 
contracted  with  the  Wright  Air  Development  Center,  United  States  Air  Force,  to 
gather  and  compile  for  publication  the  more  basic  established  data  in  the  various 
fields  of  biological  science.  The  present  work,  issued  in  August,  1954,  under  joint 
sponsorship  of  the  Air  Force,  Army,  Navy,  and  Atomic  Energy  Commission  as 
Wright  Air  Development  Center  Technical  Report  52-301,  is  the  second  fascicle 
resulting  from  the  project. 

Direction  of  the  work  was  entrusted  to  the  Committee  on  the  Handbook  of 
Biological  Data,  an  organ  of  the  American  Institute  of  Biological  Sciences.  The 
Institute  is  affiliated  with  the  National  Research  Council  as  a  unit  in  the  Council's 
Division  of  Biology  and  Agriculture.  Membership  of  the  Committee  is  represent- 
ative of  major  fields  in  plant  and  animal  biology. 

Seeking  highest  degree  of  authoritativeness  for  the  work,  the  Committee 
recognized  that  specialists  in  a  field  from  which  a  table  is  drawn  can  best  exercise 
the  critical  judgment  necessary  to  evaluate  and  select  data  for  an  authoritative  table. 
The  specialist  can  best  identify  those  data  born  of  most  acceptable  methods  of  meas- 
urement and  those  having  greatest  likelihood,  or  actual  history,  of  reproducibility 
in  competent  hands.  The  Committee  accordingly  prescribed  that  in  selection  and 
review  of  data  broadest  collaboration  be  sought  aunong  investigators  in  nutrition, 
metabolism,   and  related  fields. 

This  monograph  is  the  product  of  contributions  of  more  than  800  specialists 
in  these  fields  in  this  country  and  abroad.  Its  160  tables,  as  originally  compiled, 
were  subjected  to  extensive  review  by  experts  in  the  respective  subjects.  By  this 
procedure  it  has  been  possible  to  strip  from  the  tables  most  of  the  controversial  or 
questionable  or  borderline  material,  leaving  for  final  presentation  to  the  user  only 
what  is  presently  accepted  as  fact  by  those  who  are  competent  to  judge.  The  223 
pages  of  tables  and  16  pages  of  diagrams  contain  many  thousands  of  items  of  authori- 
tative data--mostly  quantitative,  but  with  important  non-numerical  exceptions.  The 
task  of  culling  and  condensing  the  mass  of  data  on  hand  to  conform  with  time  and 
space  limitations  has  been  gigantic.  It  is  planned  that  much  that  has  beensoelimi  - 
nated  will  be  published  in  subsequent  fascicles  or  in  the  final  Handbook  of  Biological 
Data. 

Acknowledgment  is  made,  on  behalf  of  the  Committee,  to  Wright  Air  Develop- 
ment Center,  Office  of  the  Surgeon  General  of  the  Army,  Office  of  Naval  Research, 
and  Division  of  Biology  and  Medicine,  Atomic  Energy  Commission,  for  the  foresight 
and  scientific  judgment  inherent  in  the  commission  to  prepare  this  tabular  mono- 
graph; to  the  biologists  of  this  and  other  countries  whose  generous  devotion  of  timie 
as  contributors  and  reviewers  has  made  possible  completion  of  the  work  as  it  stands; 
and  to  many  others,  unlisted,  who  have  given  the  Committee  solicited  advice.  Ac- 
knowledgment is  also  made  to  present  and  former  members  of  the  Handbook  Staff  for 
their  loyalty  and  devotion  to  a  most  tedious  and  exacting  job. 


♦The  first,  "Standard  Values  in  Blood",  was  published  in  1952.  Others  in  progress 
deal  with  the  fields  of  growth  and  reproduction,  animal  and  plant  physiology,  bio- 
chemical composition,  and  toxicology.  An  abridged  Handbook  of  Biological  Data 
containing  tabular  information  drawn  from  all  areas  of  biological  science  is  also  in 
preparation. 
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Introduction 


This  volume  presents  tabular  data  and  certain  charts  and  graphs  in  the  general  field 
of  nutrition  and  metabolism.  Both  plant  and  animal  forms  are  included.  The  guiding  prin- 
ciple in  selecting  material  has  been  that  it  be  of  basic  importance  in  its  general  field;  ready 
availability  elsewhere  has  not  been  regarded  as  a  reason  for  excluding  it. 

Some  material  of  fundamental  importance  has  had  to  be  omitted,  either  because 
efforts  to  secure  the  needed  data  have  not  succeeded,  or  because  time  has  not  permitted 
the  necessary  steps  for  getting  available  data  into  print.  Inability  to  publish  material  that 
a  contributor  may  have  spent  many  hours  in  compiling  is  cause  for  the  deepest  regret. 
Such  unused  material  will,  it  is  hoped,  be  the  source  of  valuable  additional  tables  when  this 
volume  is  revised. 


In  the  preparation  of  material  in  tabular  form  the  chief  objective  has  been  clarity 
of  presentation.  Where  the  subject  matter  of  a  table  has  been  considered  to  be  inherently 
difficult  for  the  non-specialist  --  the  beginning  student  in  the  subject  or  the  specialist  in 
another  field  --  effort  has  been  made,  in  explanatory  headnotes  and  footnotes,  to  resolve 
for  the  reader  some  of  the  difficulty.  Footnotes  have  also  been  used  in  many  instances 
for  information  originally  within  the  table  itself  where  simplification  of  the  structure  of  the 
table  could  be  achieved  by  withdrawal  of  the  information  into  the  footnotes. 

In  each  instance  where  a  numerical  value  is  given  for  a  variable,  the  value  is  the 
mean  (or  adjusted  mean)  of  a  group  of  measured  values.  Where  possible  to  obtain,  each 
such  value  is  followed  by  an  estimate  of  the  lower  and  upper  limits  of  the  95%  range.  The 
95%  range  has  been  selected  in  preference  to  the  standard  deviation  as  better  suited  to  the 
needs  of  the  reader  who  is  not  a  specialist  in  the  field  from  which  a  value  has  been  drawn. 
The  95%  range  is  a  direct  representation  of  the  ordinary*  range  of  variation,  to  be  had  only 
by  further  calculation  if  the  standard  deviation  alone  is  available.  The  latter  has  the  dis- 
advantage of  not  being  readily  available  in 
many  instances  and  of  giving  biased  limits 
for  the  95%  range  when  a  variable  has  a 
skewed  distribution.  The  statistically- 
minded  reader  who  might  wish  to  make  fur- 
ther calculations  from  values  in  these  tables 
will  not  care  to  proceed  without  information 
on  comparability  and  number  of  measure- 
ments. Unfortunately  space  does  not  per- 
mit including  here  such  collatereil  informa- 
tion,, but  the  bibliographic  references  will 
lead  to  the  original  data  where  it  should  be 
found. 

The  95%  range  may  be  estimated 
in  several  ways,  the  method  depending 
on  the  information  available.  The  types 
of  estimate  most  commonly  encountered 
are  listed  below.  The  letter  designations 
(a,  b,c,d)  will  be  found  as  identifying 
superscripts  opposite  ranges  given  in  the 
tables.  (For  details  of  these  and  other 
estimates  see  texts  on  statistical  methods.) 


95%  Range- 


*To  the  clinician,  equivalent,  with  reservations,   to  "normal  and  borderline" 


Range  data  as  commonly  encountered,  including  estimates  of  the  95%  range,  represent  a 
mixture  of  the  variability  existing  between  individiials  and  the  variability  existing  within 
individuals. 

(a)  By  the  method  of  greatest  accuracy,  the  95%  range  is  obtained  by  fitting  a  recog- 
nized type  of  frequency  curve  to  a  group  of  measured  values  and  excluding  the  extreme 
2.5%  of  area  under  the  curve  at  each  end.  (See  sketch  on  preceding  page).  Estimate  is 
made  by  this  procedure  only  when  the  group  of  values  is  relatively  large. 

(b)  By  a  less  accurate  method,  the  95%  range  is  estimated  by  a  simple  statistical 
calculation,  assuming  a  normal  distribution  and  using  the  standard  deviation.  This  esti- 
mate is  used  when  the  group  of  values  is  too  small  for  curve  fitting,  as  is  usually  the  case. 

(c)  A  third  and  still  less  accurate  procedure  for  estimate  of  the  95%  range  is  sim- 
ply to  take  as  range  limits  the  highest  value  and  lowest  value  of  the  reported  sample  group 
of  measurements.  It  underestimates  the  95%  range  for  small  samples  (3  or  4  values)  and 
overestimates  for  larger  sample  sizes,  but  may  be  used  in  preference  to  the  preceding 
method  when  the  sample  shows  convincing  evidence  that  the  variable  is  asymmetrical  in 
distribution. 

(d)  The  upper  and  lower  limits  of  the  ordinary  range  of  variation,  as  estimated  by 
an  investigator  experienced  in  measuring  the  quantity  in  question  and  based  solely  on  gen- 
eral experience,  constitute  still  another  estimate  of  the  95%  range.  The  trustworthiness 
of  limits  so  placed  should  not  be  underestimated. 

In  many  instances  range  data  have  not  been  available.  In  other  instances  an  esti- 
mate of  the  95%  range  is  given,  but  information  on  the  manner  of  estimate  is  lacking.  Ef- 
fort to  assemble  both  types  of  missing  information  is  continuing. 


The  data  in  each  table  are  in  the  judgment  of  the  contributors  and  reviewers  es- 
tablished fact  and  free  of  questionable  material,  and  represent  the  consensus  of  expert 
judgment  and  experience  in  the  special  field  from  which  the  table  was  drawn.  It  is  recog- 
nized, however,  that  all  data  are  subject  to  continuing  revision  as  investigators  improve 
techniques  and  make  more  measurements.  The  reader  is  warned  against  attributing  sig- 
nificance to  small  differences  from  species  to  species.  He  is  invited  to  submit  any  values 
or  ranges  he  feels  should  be  given  consideration,  and  is  particularly  invited  to  add  to  the 
coverage  of  animal  and  plant  forms. 


TABLES 


1.  NUTRIENTS:  THE  CHEMICAL  ELEMENTS 

If  an  organism  cannot  achieve  typical  growth,  health,   or  reproduction  In  the  absence  of  an  ele- 

ment, the  element  Is  listed  as  R  (or  r).   If  addition  of  an  element  not  required  Improves  growth. 

health  or  reproduction,   the  element  Is  listed  as  s.   Accumulation  in  the  tissues  of  an  organism 

is  not,  alone,   taken  as  sufficient  evidence  of  requirement.   Characterizations  are  subject  to 

change  with  further  study  and  increasing  purity  of  materials.   In  particular  r  may  became  R,   and 

5<  may  become  R  or  r . 

R  =  Required  by  all  forms  studied;  ^   =  Not  required  by  amy  forms  studied;  r  =  Required  by  one  or 

more  species  or  strains;   "u="  =  Utilized  as  effectively,  replaces  wholly  or  is  Interchangeable 

with  another  element  for  one  or  more  species  or  strains;  u<  =  Can  pcirtially  replace  or  spare 

another  element  for  one  or  more  species  or  strains;   s  =  Stimulates  growth  or  other  processes  for 

one  or  more  species  or  strains;  a  =  Accumulated  in  the  tissues  of  one  or  more  forms;  c  =  Commonly 

present  in  the  food  of  some  forms  and  in  the  tissues  at  similar  concentrations  but  requirement  is 

uncertain. 
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/l/  Spermatophytes  (the  intact  plant).  /2/  -  Green  phytof lagellates,  chrysomonads,  dinof lagellates. 
/3/  Including  the  colorless  phytof lagellates.  /k/  u<  Mn  or  Cr  for  Aerobacter  aerogenes.  /5/  Occurs 
in  scleroproteln  of  certain  corals  as  dl -bromotyrosine .  /6/  u=  Ca  in  yeast  cocarboxylase .  /?/  Un- 
iversal constituents  of  protoplasm.  /8/  u»  Mn  for  Aerobacter  aerogenes. 


1.  NUTRIENTS:  THE  CHEMICAL  ELEMENTS  (Concluded) 

If  an  orpinism  cannot  achieve  typical  growth,   health,   or  reproduction  in  the  absence  of  an  ele- 

ment, the  element  is  listed  as  R  (or  r).   If  addition  of  an  element  not  required  improves  growth, 

health  or  reproduction,   the  element  is  listed  as  s.   Accumulation  in  the  tissues  of  an  organism 

is  not,  alone,   taien  as  sufficient  evidence  of  requirement.   Characterizations  are  subject  to 

change  with  further  study  and  increasing  purity  of  materials.   In  particular  r  may  become  R,  and 

{<  may  become  R  or  r. 

R  =  Required  by  all  forms  studied;  f.   =  Not  required  by  any  forms  studied;  r  =  Required  by  one  or 

more  species  or  strains;   "u=  "  =  Utilized  as  effectively,   replaces  wholly  or  is  interchangeable 

with  another  element  for  one  or  more  species  or  strains;   u<  =  Can  partially   replace  or  spare 

another  element  for  one  or  more  species  or  strains;   s  =  Stimulates  growth  or  other  processes  for 

one  or  more  species  or  strains;  a  =  Accumulated  in  the  tissues  of  one  or  more  forms;  c  =  Conmonly 

present  in  the  food  of  some  forms  and  in  the  tissues  at  similar  concentrations  but  requirement  is 

uncertain. 
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/l/  Spermatophytes  (the  intact  plant).  /2/  =  Green  phytofleigellates,  chrysomonads,  dinof lagellates. 
/3/  Including  the  colorless  phytof lagellates.  /6/  u=  Ca  in  yeast  cocarboxylase .  /7/  Universal 
constituents  of  protoplasm.  /9/  In  blood  respiratory  pignent  of  Pinna  squamosa  (mollusk) .  /lO/  R 
for  NO3  utilization  by  some  fungi  and  some  algae;  R  for  No  fixation  by  some  bacteria  and  algae, 
/ll/  "Xanthine  oxidase  factor."  /l2/  u=  Ca  by  some.  /13/  u=  Ca  by  Azotobacter.  /lU/  u<  Mo  in 
B2  fixation.  /l5/  In  blood  plgnent  of  certain  tunicates  (Chordata). 
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10. 

UTILIZATION  OF  CHEMICAL  ELEMENTS: 

INSECTS 

All  species  of  Insects  utilize 

nitrogen,  carbon,  oxygen  and  hydrogen  vhlch  In  various     molecular  combinations  constitute     the 

structure  of 

their  bodies  and  their 

food.     In  addition 

phosphorus. 

sulfur,  iron,  copper,  magnesium,  manganese,  potassium 

cal- 

clum  and  chlorine 

are  probably 

universal     requirements 

of  insects. 

A  number  of  different  minerals,   some  only  as  traces 

also 

are  consumed 

and  are  found  present  i 

n  the  constitution 

of  the  Insect.       One  can  suppose  that  the 

mineral  ccmpositionof  the  in- 

sect  may  influence 

considerably     the 

chemical  reactions  taking  place  in  the  ti 

3sues,  but  it  is  difficult     to 

ascertain  whether 

or  not  seme  of  these  trace  elements 

are  utilized  specifically.  The 

present  data  are  taken  mainly 

from  studies  in  which  the  in- 

sect  Is  noticeably 

affected  by 

the  presence  or  absence 

of  a  mineral  element  in 

its  rearing  medium  or  food. 
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/l/  utilization  Judged  by  effect  of  the  element  on  fecundity.  /2/  Utilisation  Judged  by  Influence  of  the  element  on  occurrence  of 
alate  forma.  /5/  Reported  by  acme  (q.v.)  as  not  utilized  by  Drosophlla  except  possibly  In  trace  aaiounta.  /U/  In  balanced  solu- 
tion only.  /5/  Universal  constituent  of  protoplasm.  /6/  Absent  from  chemically  defined  nutrient  medium  except  as  hydrochlorides 
of  amlno-acldfl  or  vitamins.  /?/  Toxic  for  this  organism.  /8/  Based  on  non -utilization  of  cobalamln.  /9/  As  PbCNO,)p.  /lO/  Re- 
placeable by  magnesium,  /ll/  Utilized  as  KOH  but  not  as  KCl.  /12/  Absent  from  the  chemically  defined  nutrient  medium  except  as 
occurring  In  sulfur  containing  amino  acids. 
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11.     UTILIZATION  OF  PROTEINS:    INSECTS 
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/l/  Percentage  of  protein  In  diet  required  to  maintain  growth  and  development.  /2/  Wilson  B  protein.  /3/  main- 
tains good  growth  and  development.  Jk/  Maintains  only  poor  growth  and  development.  /5/  Only  when  heated.  /6/ 
A  coii5>lete  globulin  from  hen?)  seed.  /?/  From  blood.  /&/  Maintains  little  or  no  growth  and  development.  /9/  A 
protein  separable  from  wheat  gluten.  /lO/  A  globulin  constituting  90-95*  of  protein  content  of  soy  bean,  /ll/ 
From  milk.  /l2/  An  alcohol  soluble  protein  from  maize  (com). 
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12.     AMINO  ACID  REQUIREMENTS 

Values  are  considered  adequate  fcr  satisfactory  growth,  or 
fled  in  the  column  headings.     Twice  the  values  should  give 
also  Fn  k) .   Presentation  of  values  in  terms  of  "per  kg  body 
and  does  not  necessarily  imply  a  close  correlation  between 

MAN  AND  OTHER  VERTEBRATES 

maintenance  or  recovery  from  protein  depletion,   as  speci- 
an  acceptable  margin  of  safety     where  such  is  desired  (cf 
weight  per  day"    is  for  purposes  of  comparison  of  species, 
nutrient  need  and  body  weight  within  the  species. 
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L-Histidine,  mg 
L- Hydroxyproiine 
L-Isoleucine,  mg 

L- Leucine,  mg 
L- Lysine,  mg 
L-Methionine,  mg 
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L- Proline 
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L-Threonine ,   mg 
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U 
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u 
u 
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u 
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g  R15.5 

U 
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u 
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u 
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R2750 
RI8OO 
R2750 
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RI6OO 
R9OO 

U21 
R2500 

U 

u 
u 

u 

u 

u 

R55 

R180 

RllO 
R60 
R90 
R50 

R85 
R30 

U 
R120 

U 
U 

u 

u 

u 
u 

R120 

U 
R3''5 

R"»15 
R330 
R220 
R255 

R2't5 

r8o 

U 
R290 

7 

R 

R 

R 
R 
R 
R 

R 
R 

R 

RI87O 

R75UO''^ 

RI56O 
R230 

R950 

R2l80 
RlUOO 
R700 
RlUOO 

R930 
R310 
R7109O 
R12U0 

R1600 
U520I9 

RIOOO 

R86O 

RlUOO 
R520 

R270 

270I7 

60I7 

330I7 

370I7 
22017 
2IOI7 
190I7 

IU0I7 
60I7 

300I7 

70I7 

2517 

80I7 

IIOIT 
60i7 
70I7 
65I7 

15IT 
85I7 

RI35 

R260 

R320 

R52O 
R65O 
R390 
R580 

R260 
RIJO 

R260 

/l/  An  essential  amino  acid  (R)  is  an  Indispensable  component  of  the  diet  because  it  is  not  synthesized,  from  materials 
ordinELTily  available,  at  a  speed  sufficient  for  maintenance  of  nitrogen  balance  in  the  adult  and/or  normal  grovth  in  the 
young.  /2/  A  non-essential  amino  acid  can  be  synthesized  in  adequate  amounts  in  the  body  from  other  nitrogen  sources  if 
not  supplied  In  the  diet.  Non-essential  amino  acids  can  be  utilized  by  man  and  probably  by  most  other  vertebrates.  /)/  To 
obtain  recommended  intake  per  person  (adult)  per  day,  multiply  values  by  70  regardless  of  actual  weight  unless  it  repre- 
sents an  extreme  departure  from  70  kg.  Rose,  W.  C.  ,  finds  that  requirement  does  not  vary  with  weight  in  adult  male.  /h/ 
The  values  In  this  column  represent  the  minimum  requirements  as  determined  for  young,  healthy  males;  twice  these  values  is 
considered  a  "safe"  allowance  for  normal,  healthy  males  and  females,  but  they  probably  should  be  increased  more  than 
twice  for  growth, rehabilitation  from  disease,  and  during  pregnancy  and  lactation.  /5/  White  rat.  /6/  New  Hampshire.  Values 
in  this  column  are  based  on  a  daily  food  intake  of  59  grams  per  chick.  /!/  Broad  Breasted  Bronze.  Values  in  this  column 
are  based  on  a  daily  food  intake  of  56  grams  per  turkey.  /8/  Cocker  spaniel.  /9/  Values  in  this  column  are  based  on  a 
synthetic  diet  with  amino  acids  and  diammonlum  citrate  as  nitrogen  sources.  /lO/  Values  In  this  column  calculated  on  basis 
of  10  grams  daily  food  intake  per  rat,  and  with  cystine  and  tyrosine  lacking  in  diet.  /ll/  Amino  acid  requirement  is  in- 
creased when  protein  intake  is  raised.  /12/  Amino  acids  supplied  from  egg  proteins.  /I5/  Amino  acids  supplied  by  egg  al- 
bumin. /iV  Values  In  this  column  represent  allowances  for  rapid  weight  recovery  and  protein  repletion  in  adult  protein- 
depleted  rats.  /15/  Values  in  this  column  represent  the  minimum  nitrogen  intake  that  maintained  nitrogen  balance.  /I6/ 
Synthesized  by  the  rat,  but  not  at  sufficient  speed  for  maximum  growth.  /17/  Data  available  do  not  make  clear  whether  all 
of  these  amino  acids  are  indispensable  or  not.  /18/  Cystine  may  replace  one  sixth  of  the  methionine  requirement.  /19/  If 
not  supplied  in  diet,  the  daily  allowance  of  methionine  must  be  increased  correspondingly.  /20/  Either  glutamic  acid  or 
proline  may  substitute  partially  for  arglnine.  /2l/ If  tyrosine  is  present,  the  phenylalanine  requirement  may  be  decreased. 
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13.     AMINO  ACID  REQUIREMENTS:    INSECTS 
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/l/  Diets  containing  all  amino  acids  produce  slightly  better  growth  than 
mixtures  of  "required"  constituents  alone.  L- forms  are  biologically  ac- 
tive. /2/  D-form  of  the  amino  acid  inactive.  /j/  Cltrulline  can  par- 
tially substitute  for  arginine.  /k/  Required  for  maximal  growth.  /5/ 
D-form  of  the  amino  acid  active.  /6/  In  non- sterile  cultures.  /?/  Re- 
quired by  males  only.  /8/  D-Serine  extremely  toxic,  and  L-Serine  slightly 
toxic.  /9/  Requirement  or  lack  of  requirement  not  demonstrated  since 
valine  was  present  in  yeast  extract,  one  of  the  ingredients  of  the  med- 
ium. 
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14. 

UTILIZATION  OF  CARBOHYDRATES: 

INSECTS 
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/!/  Approximate  percentage  of  carbohydrate  required  in  optimum  diet.  /2/  Grows  fairly  well  in  absence  of  carbohydrates.  /5/  Not 
fully  utilized.  /I*/  Hygroscopic,  renders  diet  unsuitable  for  growth  and  survival.   /5/  Has  retarding  effect  on  growth.  /6/  Sugar, 
presumably  sucrose. 
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14.     UTILIZATION  OF  CARBOHYDRATES 
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/I/  Approxlinate  percentage  of  carbohydrate  re(iulred  In  optimum  diet.  /}/  Not  fully  utilized.  /5/  Has  a  retarding  effect  on  grovth. 
Ill   Reducing  sugars.  /8/  Utlllied  but  not  required.  /9/  Toxic  for  this  organism.  /lO/  Utilised  by  this  organiam  better  than  any 
other  sugar. 
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15.     UTILIZATION  OF  LIPIDS:    INSECTS 
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16.     ESSENTIAL  ORGANIC  COMPOUNDS  (VITAMINS  AND  OTHER) 

REQUIREMENTS: 

INSECTS 

No  Insects  are  known  to  require  vitamins  A,   C,  D, 

or  K 

or  the  provitamins 

of  D 

or  K. 

Vitaml 

ns  reported 

to  be  beneficial  but   not 

required  are  listed  as  required.        An  entry  followed  by  a  question 

mark 

indl- 

cates  the  preponderance  of  evidence  among  conflic 

ting  bibliographic  sources. 

Required  (R); 

Not  required  {f.) 

\ 

Orthoi 
tera 

)- 

Coleoptera 

\ 

-—V 

0) 

E 

\ 

--^ 

.—^ 

0) 

•J 

a^ 

\           Organ!  Bm 

, ^ 

i 

i 

a 

0) 

„^ 

p 

OQ 

•^  to 

rH     C 

aj". 

fe 

+J    PK 

rH   ^^ 

p  ^^ 

&^ 

•    CQ 

_.  ,o 

C    -H 

u 

aj>^ 

W)  3 

a  u 

•H     O 

>H   m 

0) 

\ 

^S 

^1' 

^J 

a5 

ts 

(A    C 
tl    OJ 

3   m 

O    -H 

^^ 

E 

f-4 

<a 

ft 

Id 

to  § 

H  3 

aJ  X) 

a)  -^ 

US 

> 

H     In 

u 

o 

w  ^ 

r-\  a 

Hh 

&^ 

rH         • 

-   O 

^ 

o 

-  o 

^  i 

CJ    s 

a  3  3 
^  p  f 

t3  a 

►J 

^     *d 

•-    O 

C\J     CJ 

<<-t  3 

OJ    3 

01  3 

-   01 

OJ   .rf 

T)    to 

ca  ^ 

OJ      T^ 

OJ     ■r^ 

1    o 

U    V 

^    01 

a  * 

^§ 

5^ 

OJ    t. 

-a 

>  u 

\ 

•P        t. 

•P    I. 

•d   3 

O    o 

o  o 

-H  '3  « 

>>  3 

o  o 

1    1 

+J    u 

+J    U 

01   tl 

^^ 

p  -w 

o  pi 

O   m 

OJ  ^ 

rH    P 

+j    • 

JJ    (U 

0)  0; 

to    c 

?i 

u 

^   m 

O 

;      OJ 

I-.     01 

r-\    W 

0)    01 

oj  a. 

y " 

b  *° 

3    O 

ia 

-  aj   m 

<iH   d 

■p    m 

^     N 

OJ    3 

01    rH 

O    M) 

O.  m 

^  o 

^p. 

OJ  a  « 

1      CJ 

'     3 

M    P 

T)   +J 

>1    0 

3  w 

O    3 

W  4 

CO  d 

3 

T) 

Tl 

>  -H 

IS 

CO 

-H     O 

a 

\ 

J3    r^ 

^e 

o  a 

tJ    3 

^1 

^1 

2  OJ  S 

SI 

0!    -H 

01  2 

P.  11 
CO    p 

g2 

o  .-f 

C 

(U 

0> 

■H 

■H 

•H 

+^    D 

.H 

P. 

03 

Compound            \ 

<d  lu 
o  -p 

~t5 
OJ   o 

o7  o 

-  r-{ 

OJ   o 

** 

01  o 

<u   o 

01    OJ  i2 

OJ   o 

^  OJ 
OJ     0) 

07  2 

^    CO 

01    3 

O    !-, 

U% 

nH   ^ 

.H   -1 

-H   XI 

rH    to 

rH     W) 

p  S  o 

M  .o 

rH     M 

rH     O 

rH  a 

OJ 

\ 

+^     ■*-> 

-P     U) 

p  a 

P     -rH 

p    OJ 

•fJ    0) 

p  -H 

%t; 

t-^ 

P     T-i 

rH     D 

d   OJ 

O    r-i 

QJ   ■•-> 

0)    cd 
01  M 

0>    qj 
OJ  J 

OJ      h 

OJ   P 

OJ   -P 

OJ    01     (0 

OJ    t^ 

l£ 

o  m 

0)   < 

OJ  Eh 

OJ  CO 

<gs 

^33 

OJ   Eh 

<5i£ 

OJ  a. 

OJ  H 

\ 

o  ^-- 

CQ  ^^ 

a  ^^ 

m  " 

(0  ^^ 

CO  ^- 

PQ  ^ 

PQ  --^ 

E  -- 

(A) 

(B) 

(c) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

(L| 

(M) 

(N) 

1 

Biotln 

;*? 

R 

R7 

R 

R 

R? 

R 

R 

R 

)< 

R? 

R 

R 

2 

Carnitine? 

R 

R 

3 

Choline 

r"* 

R 

R? 

R 

R 

p 

Rt 

R 

t 

R 

R 

P 

l4 

Cobalamin^ 

J 

Vitamin  E 

6 

Folic  acid  group" 

J* 

R 

t 

R 

R 

t-i 

R 

R 

R 

R? 

R 

7 

Inositol 

t 

f 

t 

t 

f 

t 

J»T 

>* 

f< 

t 

P 

t 

8 

NiacinT 

R 

R 

t 

R 

R 

f 

R 

R 

R 

R 

R 

R 

R 

9 

Pantothenic  acid 

R 

R 

tl 

R 

R 

t 

R 

R 

R 

R 

R 

R 

R 

LO 

Para-aminobenzolc  acid 

t 

>< 

P 

t 

t 

t 

i 

t 

>< 

>< 

P 

t 

LI 

Pyridoxlne  group° 

R 

R 

p. 

R 

R 

t 

R 

R 

R 

t 

R 

R 

R 

12 

Riboflavlne 

R 

R 

t 

R 

R 

t 

R 

R 

R 

R 

R 

R 

R 

13 

Thiamine 

R 

R 

t 

R 

R 

R 

R 

R 

R 

>< 

R 

R 

R 

ll4 

Cholesterol? 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

L5 

Llnolelc  acid 

?* 

16 

Other  substances 

t 

>« 

1 

t 

t 

t 

t 

rIO 

R 

;< 

t 

t 

t 

/l/  Aseptically  reared  on  synthetic  diets.  /2/  Deprived  of  normally  present  Intracellular  symblotes. 
/3/  Vitamin  H^.  jh/  May  be  replaced  by  betalne.  /5/  A  generic  term  Including  cyanocobalamin  (vitamin 
'S)\2^  ^^^  ^^^  hydrogenation  product  known  variously  as  62^23  °''  Bi2b  '"'^'^  '^s  approximately  the  same  bio- 
logical activity.  /6/  Folic  acid  is  not  a  chemical  entity  but  a  generic  term  for  pteroylglutamic  acid 
(folacln),  vitamin  M,  vitamin  B^,  factor  U,  L.  easel  factor,  Norlte  eluate  factor.  /7/  Used  here  as  a 
generic  term  for  nicotinic  acid  (niacin)  and  nicotinic  acid  amide  (niacinamide).  /8/  Includes  pyridox- 
lne, pyridoxal,  pyridoxamine.  /9/  Cholesterol  may  be  required  by  all  the  forms  listed  but  is  shown  as 
required  only  in  those  forms  in  which  specific  experiments  have  Indicated  its  need.  /lO/  Unidentified 
substances  obtained  from  yeast. 
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16.     ESSENTIAL  ORGANIC  COMPOUNDS  (VITAMINS  AND  OTHER) 

REQUIREMENTS:    INSECTS  (Concluded) 

No  insects  are  knovm  to 

require  vitajnins  A,   C,   D,  or  K  or  the  provitamins 

of  D 

or  K. 

Vitamins  reported 

to  be  beneficial  but  not 

requi 

red  are  listed  as  required.        An  entry  followed  by  a  question  mark 

indi- 

cates  the  preponderance 

3f  evi 

ience  among  conflicting  bibliographic  sources. 
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/l/  Aseptically  reared  on  synthetic  diets.  /5/  Vitamin  B^.  /5/  A  generic  term  including  cyanocobalamin 
(vitamin  Bj^2)  ^^^  ^^s  hydrogenation  product  known  variously  as  B]^2a  °'"  B22>i  which  has  approximately  the 
same  biological  activity.  /6/  Folic  acid  is  not  a  chemical  entity  but  a  generic  term  for  pteroylglutamlc 
acid  (Folacin),  vitamin  M,  vitamin  B^,,  factor  U,  L.  casei  factor,  Norite  eluate  factor.  /T/  Used  here  sis 
a  generic  term  for  nicotinic  acid  (niacin)  and  nicotinic  acid  amide  (niacinamide).  /8/  Includes  pyridox- 
ine, pyrldoxal,  pyridoxamlne.  /9/  Cholesterol  may  be  required  by  all  the  forms  listed  but  is  shown  as 
required  only  in  those  forms  in  which  specific  experiments  have  indicated  its  need.  /lO/  Unidentified 
substances  obtained  from  yeast,  /ll/  May  be  peirtially  replaced  by  lecithin  oil  from  hydrollzed  plasma 
(FSF)or  oleic  acid.  /l2/  Cobalamin  Eddition  produces  higher  percentage  of  pupation.  /l5/  May  be  replaced 
by  an  increased  amount  of  xanthopterin,  /ik/  Unidentified  substance  obtained  from  yeast  and  comleaves. 
/15/  Unidentified  substances  obtained  from  yeast  or  liver.  /16/  Glutathione  and  unidentified  substance 
obtained  from  yeast  and  liver. 
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20.  UTILIZATION  OF  CHEMICAL  ELEMENTS 

CORN  PLANT 

Values  indicate  the  amount  of  various  elements  used  in  the  growth  of  one 
acre  (O.lj-  hectare)   of  corn  plants  producing  at  the  rate  of  100  bushels 
per  acre.   They  represent  analys  s  made  in  Illinois  and  Indiana  dviring 
1955-19^0.  Where  a  range  is  given,  the  lower  value  presents  observations 
from  corn  plants  grown  in  Indiana;  the  upper  value,  for  plajits  grown  in 
Illinois.  All  other  values  are  applicable  to  both  localities.  There  were 
approximately  12,000  plants  per  acre  (50,000  plants  per  hectare)  and  the 
production  of  shelled  com  was  at  the  rate  of  5,600  poiinds  per  acre 
(6,500  kg  per  hectare). 

^,    ^1 

Quantity  Utilized 

Element-'- 

Quantity  Utilized 

jcxemenT, 

Ib/Acre2 

kg /hectare 

Ib/Acre2 

kg/hectaxe 

(A) 

(B) 

(c) 

(A) 

(B) 

(c) 

1 
2 

5 
1+ 
5 

6 

7 
8 

Oxygen 

Carbon 

Nitrogen 

Potassium 

Sxilfur 

Magnesium 

CeuLcium 

Phosphorus 

6800 

5200 
150-160 
110-125 
22-75 

55-50 
57-50 
22-1+0 

7620 

5850 
150-180 
120-11+0 
21+-81+ 

57-56 
1+1-56 
25-1^5 

9 
10 

11 
12 

15 
11+ 
15 

Iron 
Manganese 

Boron 

Chlorine 

Iodine 

Zinc 

Copper 

2 
0.5 

0.06 
Trace 
Trace 
Trace 
Trace 

2.2 
0.51+ 

0.06 
Trace 
Trace 
Trace 
Trace 

/l/Data  for  water  utilized:   4,500,000  to  5,500,000  pounds  per  acre(l+,820,000 
to  6,165,000  kg  per  hectare).      /2/  Poiinds  per  acre  x  1.121  =  kg  per  hectare. 
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21.     UTILIZATION  OF  ^rUTRIENTS:    LOWER  ALGAE  AND 

RELATED  COLORLESS  ORGANISMS 

Oxygen  Is  essential  for  all  these  organisms.     Carbon  dioxide  Is  required  oy  all  the  species  In  this  table 

for 

wnlch 

data  are  available. 

Colorless  forms  and  green  forms  when  grown  In  darkness  need  an  additional  carbon 

source. 

Such 

additional  carbon  sources 

nay  stimulate  growth  of  green  forms   in  light  under  certain  conditions. 

Utilized  (U);  Poorly  Utilized  (u);  Not  Utilized  (0);   Required  (R);  Not  Required  ((<) 

;  Questionable   ( 

7) 

\            Organism 

Photosynthetic  Forms 

Color le 
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(A) 

(B) 

(c) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

(L) 

(M) 

(N) 

(0) 

(p) 

(Q) 

(R) 

(s) 

(T) 

(u) 

(V) 

(u) 

(X) 

(Y) 

1 

Vitamins                                                                                                                              | 

Cobalamln'' 

f< 

(< 

»( 

)< 

K5 

r6 

r6 

r6 

r5 

5<?5  i< 

^ 

R 

«, 

2 

Thiamine 

!f 

f 

f. 

i 

p 

r7 

r 

R 

r5 

r8 

pi  f< 

t 

R 

r8 

r9 

(* 

r9 

« 

r8 

r8 

3 
A 

Other 

^ 

f 

i 

i 

p 
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1 

i 
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t 
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« 

Carbon  Source:      Sugars                                                                                                       | 

Arab  inose 

P 

u? 

P 

07 

0 

0 

5 

Glucose 

>» 

^7 

p 

n 

X 

•fi 

u 

0 

0 

0 

H 

0? 

0 
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^ 

U 

6 

Maltose 
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07 

p 

0? 
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0 
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Sucrose 

^ 

U? 

p 

0 

0 

f 

0 

» 

07 

0 

0 

8 
9 

Xylose 

n 

P 

P 

0? 

0 

0 

Carbon  Source:      Organic  Acids    (Other  Than  Fatty  Acids )10 
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Carbon  Source:      Alcohols^^ 
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Carbon  Source:      Fatty  Acldsl''                                                                                                     | 
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u 

/l/  According  to  E.  G.  Pringshelm,  the  organism  used  in  these  studies  was  E.  genicuXata.   /?/  According  to  E.  G.  Prlng- 
Bheim,  the  organism  used  In  these  studies  was  E.  mutabllis.   /}/  Syn.  A.  chattonl  (A.  Lwoff,  1956)  or  A.  klebsll  (H.  von 
Dacb,  I9UO).  /U/  A  generic  term  including  cyancobalaml n  (vitamin  Bj^g)  and  its  hydrogenatlon  product  (known  variously  as 
Bi2a  or  Big^,)  which  has  approximately  the  same  biological  activity.   /5/  It  has  been  reported  that  the  organism  requires 
no  vitamins,  but  it  is  possible  that  this  comes  about  only  after  adaptation  to  vitamin-less  media,  as  with  other  species  of 
Euglena.   /6/  The  organism  utilizes  also  pseudo-cobalamin.   /?/  Can  be  replaced  by  pyrlmidine.   /8/  Can  be  replaced  by 
pyrlmidlne  and  thiazole.  /9/  Can  be  replaced  by  thlazole.  /lO/  Negative  results  reported  for  organic  acids  may  not  be 
significant  since  it  has  been  shown  that  Prototheca  zopfii  and  Euglena  gracilis  utilize  them  only  at  pH  5.5  5-5.  Most  of 
the  negative  results  tabulated  were  obtained  in  media  having  a  pH  near  neutrality,   /ll/  Utilized  only  at  pH  5. 0-5-5. 
/12/  Optimal  concentrations  are  similar  to  those  of  the  corresponding  fatty  acid  (cf.  Fn  lU).  /I5/  Inadequate  for  growth 
in  a  mineral  medium.   /lU/  The  average  range  of  concentration,  in  grams  p<r  100  ml  of  media,  at  which  fatty  acids  are  uti- 
lized and  non-toxic  Is  the  following:   acetic,  propionic,  butyric  and  Isobutyrlc  acids,  0.1-0.2;  valeric  and  isovaleric 
acids,  O.O5-O.I;  caprolc,  isocaproic,  heptylic  and  octyllc  acids,  0.01-0.05;  nonyllc  acid,  0.01;  decyclic  acid,  0.005- 
0.006.   Some  of  the  negative  results  tabulated  may  be  Incorrect  if  toxic  concentrations  were  employed.   In  general, 
toxicity  increosea  with  the  length  of  the  chain  of  carbon  atoms  and  with  Ihe  decrease  in  the  pH  of  the  medium. 
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21.     UTILIZATION  OF  NUTRIENTS:    LOWER  ALGAE  AND  RELATED 

COLORLESS  ORGANISMS  (Concluded) 

Oxygen  is  essential  for  all  these  organisms.      Carbon  dioxide   is  required  by  all  the   specie 

s   in  thi 

s  table 

for 

which 

data  are  available. 

:olorless  forms  and  green  forms  when  grown   in  darkness  need  an  additiona] 

carbon 

source. 

Such 

additional  carbon  sources  may  stimulate  growth  of  green  forms  in  light  under  certain  conditions. 
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Carbon  Source:      Fatty  Acidsl'^   (Concluded)                                                                                        | 
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Nitrogen  Sourcesl6                                                                                                          | 
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/l/  According  to  E.  G.  Pringsheim,  the  organism  used  in  these  studies  was  E.  geniculate.   /2/  According  to  E.  G.  Pring- 
sheim,  the  organism  used  in  these  studies  was  E.  mutabilis.   /3/  Syn.  A.  chattoni  (A.  Lwoff,  1936)  or  A.  klebsii  (H.  von 
Dach,  19*^0).   /l^/  The  average  range  of  concentration  in  mg,  per  100  ml  of  media,  at  which  fatty  acids  are  utilized  and 
non-toxic  is  the  following:   acetic,  propionic,  butyric  and  isobutyric  acids,  0.1-0,2;  valeric  and  isovaleric  acids, 
0.05-0.1;  caproic,  isocaproic,  heptylic  and  octylic  acids,  0.01-0.03;  nonylic  acid,  O.Ol;  decylic  acid,  0.005-0.008. 
Some  of  the  negative  results  tabulated  may  be  incorrect  if  toxic  concentrations  were  employed.   In  general,  toxicity 
Increases  with  the  length  of  the  chain  of  carbon  atoms  and  with  the  decrease  in  the  pH  of  the  medium.   /l5/  Acid  em- 
ployed at  toxic  concentrations,  /it/   Colorless  forms  utilize  the  same  nitrogen  sources  in  light  as  in  darkness.   For 
photosynthetic  forms,  data  pertain  to  utilization  in  light;  the  same  nitrogen  sources  which  are  utilized  in  darkness  are 
indicated  by  Fn  18.   Some  of  the  amino  acids  listed  may,  where  utilized,  also  serve  as  a  carbon  source  for  some  organ- 
isms, /it/  Also  utilized  in  darkness.  /l8/  Negative  results  may  not  be  valid  because  tests  were  conducted  in  a  medium 
lacking  thiamine.  /19/  Growth  is  obtained  only  if  thiamine  is  present.  /20/  When  utilized,  it  is  a  good  carbon  source. 
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23.  UTILIZATION  OF  SUGARS  FOR  GROWTH 

• 

FILAMENTOUS  FUNGI 

Interpretation  of  the  amount  of  growth  obtained  on  different  sugars 

Ls  often 

subject  to  error.   Low  yields 

may 

be  due  to  slow  util 

Lzation  of  the  sugar 

in- 

volved,  but  are  frequently  due 

to  c 

ther  factors 

.   It  is  possible  that  some 

or- 

gsmisms  listed  as  not  utilizing  (^}) 

a  certain  sugar, or 

utilizing  it  poorly  (u)  | 

will  be  found  to  utilize  it  well  (U)  under  different 

nutr 

itional 

conditions. 
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u 

U 

U 

U 

11 

Coilybia  velutipes 

u 

u 

u 

u 

0 

u 

u 

u 

u 

u 

U 

u 

li 

Cordyceps  militaris 

u 

u 

u 

u 

i 

u 

U 

u 

u 

0 

U 

u 

IS 

Dendrophoma  obscurans 

u 

u 

0 

u 

u 

0 

2C 

Diaporthe  phaseolorum  batat . 

u 

u 

u 

u 

U 

21 

DlctyuchuB  monosporus 

U 

0 

0 

0 

0 

0 

0 

0 

0 

0 

22 

Diplodla  macrospora 

U 

u 

u 

u 

u 

u 

u 

23 

D.  natalensis 

u 

u 

u 

u 

u 

u 

u 

2lj 

Endoconidiophora  fagacearum-'- 

u 

u 

u 

u 

0 

u 

u 

u 

u 

0 

U 

u 

2! 

Endothia  parasitica 

u 

u 

u 

u 

u 

u 

u 

u 

u 

0 

u 

U 

2( 

Entomophthora  apiculata 

u 

u 

u 

u 

u 

0 

0 

0 

0 

0 

0 

0 

21 

E.  coronata 

u 

U 

u 

u 

0 

0 

0 

0 

0 

0 

0 

0 

2£ 

Fusarium  conglutinans 

u 

U 

u 

U 

u 

U 

U 

u 

u 

u 

u 

u 

2S 

F.  culmorum 

u 

U 

u 

U 

u 

u 

u 

u 

u 

u 

U 

U 

3C 

F.  lycopersici 

u 

U 

u 

U 

U 

U 

U 

u 

U 

u 

u 

u 

51 

F.  medicaginls 

u 

U 

u 

U 

u 

U 

u 

w 

u 

u 

u 

U 

3£ 

F.  nivale 

u 

u 

u 

U 

u 

U 

u 

u 

u 

u 

U 

U 

53 

F .  niveum 

u 

u 

u 

U 

U 

u 

u 

u 

u 

U 

U 

u 

5i< 

E.  tracheiphilum 

u 

U 

u 

U 

u 

u 

u 

u 

u 

U 

u 

u 

5? 
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u 

U 

u 

U 

u 

u 

u 

u 

U 

u 

U 

u 

5( 

Helicostylum  pyriforme 

u 

u 

u 

U 

u 

u 

u 

57 

Helmlnthosporium  sativum 

u 

U 

u 

u 

u 

u 

u 

u 

U 

u 

u 

u 

5£ 

Lenzites  saepiaria 

u 

u 

u 

u 

u 

0 

u 

u 

u 

u 

0 

0 

5S 

ItC 

L.  trabaea 
Leptomitus  lacteuB 

u 

u 

0 

u 

u 
0 

u 

u 

u 

u 

0 

u 

0 

U 

U 

u 

/l/  Formerly  Chalara  quercina. 
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23.  UTILIZATION  OF  SUGARS  FOR  GROWTH 

FILAMENTOUS  FUNGI  (Concluded) 

Interpretation  of  the  amount  of  growth  obtained  on  different  sugars  1 

E  often 

subject  to  error.   Low  yields 

may  be  due  to  slow  utilization  of  the  sugar  in- 

volved, but  are  frequently  due 

to  other  factors.   It  is  possible  that  some  or- 

gsuiismB  listed  as  not  utilizing 

(5^)  a  certain  sug£u:,or  utilizing  it  poorly  (u) 

will  be  found  to  utilize  it  we 

11  (U)  under  different  nutritional  cond 

it ions.  1 

Utilized  (U);  Utilized  s 

lowly  (u);  Utilization  slight  or  none  (0) 

-.,„^^       Sugar 
Species      ~~-~~..^___^ 

0 
0 

m 

0 
+J 
0 

g 

4) 
U) 
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1 

1 

Q 
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0 
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m 
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0 
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1 
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0 

D 
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■H 
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4) 
U 

0) 

ta 
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c 

H-l 

K 

(A) 

(B) 
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kl 
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U 

u 

u 

u 

u 

u 

u 

u 

u 

!^ 

u 

u 

h2 

Memnoniella  echinata 

U 

u 

u 

u 

U 

U 

u 

u 

u 

u 

U 

1^3 

Monilinia  fructosa 

u 

u 

u 

u 

U 

u 

U 

u 

u 

1^ 

u 

u 

1+1* 

Monosporium  apiospermum 

u 

u 

u 

u 

^ 

u 

U 

u 

u 

u 

u 

u 

1*5 

Mucor  ranannianuE 

u 

u 

u 

u 

u 

u 

U 

u 

!< 

u 

u 

1^ 

46 

Neocosmospora  vasinfecta 

y 

u 

u 

u 

F» 

U 

u 

u 

u 

u 

u 

u 

1*7 

Ophiobolus  graminis 

u 

u 

u 

u 

)« 

u 

u 

u 

u 

u 

u 

u 

1*8 

Peniclllium  chrysogenum 

u 

u 

u 

u 

u 

U 

U 

u 

u 

u 

u 

U 

1*9 

P.  digitatum 

u 

u 

u 

u 

U 

u 

u 

u 

U 

u 

50 

P.  expansum 

u 

u 

u 

u 

u 

u 

u 

U 

u 

ii 

U 

U 

51 

P.  spiculosporum 

u 

u 

u 

u 

u 

U 

u 

u 

u 

f 

U 

u 

52 

Phoma  betae 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

U 

53 

Phycomyces  blakesleeanus 

u 

u 

u 

u 

^ 

u 

u 

u 

u 

>» 

u 

^ 

51* 

Phymatotrichum  omnlvorum 

u 

u 

u 

t 

>» 

u 

u 

u 

u 

55 

Phytophthora  cactorum 

u 

u 

u 

)> 

u 

u 

>♦ 

56 

P.  erythroseptlca 

u 

u 

u 

\ 

u 

u 

^ 

57 

P.  fagopyri 

u 

u 

u 

i> 

u 

u 

>> 

58 

P.  infestans 

u 

u 

u 

ii 

n 

>♦ 

)* 

u 

u 

(4 

^ 

f 

59 

Pilalra  moreaui 

u 

u 

u 

u 

u 

u 

U 

60 

Polyporus  albellus 

u 

u 

u 

u 

^ 

u 

u 

u 

^ 

)^ 

u 

^ 

61 

P.  versicolor 

u 

u 

u 

u 

u 

U 

u 

u 

u 

u 

u 

u 

62 

Pythiogeton  uniforme 

u 

u 

^ 

y» 

u 

u 

u 

u 

U 

63 

Pythlomorpha  gonapodyoides 

u 

u 

u 

1^ 

u 

u 

)* 

&>, 

Pythium  ascophallon 

u 

u 

u 

>» 

u 

u 

i> 

65 
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u 

>t 

F» 

i> 

>> 

>« 

>) 

>t 

t 

^ 

U 

66 

Rhizopus  nigricans 

u 

u 

u 

u 

u 

)» 

^ 

67 

R.  suinus 

u 

u 

u 

u 

u 

y* 

^ 

68 

Rosellinla  arcuata 

u 

u 

u 

u 

u 

u 

u 

69 

Saprolegnia  delica 

u 

u 

^ 

^ 

t 

>« 

u 

Ft 

^ 

i> 

70 

S.  ferax 

u 

^ 

i 

^ 

^ 

J» 

u 

f 

>» 

f 

71 

Schizophyllum  commune 

u 

u 

u 

u 

^ 

u 

u 

u 

u 

u 

u 

u 

72 

Schizothecium  longicolle 

u 

u 

u 

^ 

^ 

^ 

U 

U 

1< 

>« 

U 

$ 

73 

Sclerotium  delphinii 

u 

u 

U 

u 

U 

u 

7U 

Septoria  nodorum 

u 

u 

i> 

u 

u 

u 

75 

Sordaria  fimicola 

u 

u 

u 

u 

n 

u 

u 

U 

u 

u 

U 

^ 

76 

Sphaeropsis  malorum 

u 

u 

u 

U 

u 

u 

u 

U 

u 

u 

U 

u 

77 

Stysanus  stemonltis 

u 

u 

u 

U 

)» 

U 

u 

u 

u 

u 

U 

U 

78 

Syncephalastrum  racemosum 

u 

u 

u 

U 

i 

u 

u 

u 

(4 

>) 

u 

u 

79 

Thielavia  basicola 

u 

u 

u 

U 

u 

u 

>) 

80 

Thraustotheca  clavata 

u 

^ 

t 

]« 

)« 

!^ 

u 

u 

ii 

>* 

81 

Typhula  variabilis 

u 

u 

u 

u 

u 

u 

i> 

82 

Ustilago  violacea 

u 

u  u 

U 

^ 

)« 

u 

u 

t 

U 

Ft 
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24.     UTILIZATION  OF  CARBOHYDRATES:    YEASTS 

utilized   (U); 

Not 

utilized 

()*) 

;   Variable   ( 

u) 

N.                       Yeast 

-H 

CO 

3 

CO 

O 

0) 

Carbohydrates                  \^ 
and  related  substances     n. 

10 

s 

o 

•H 

I 

1 

•H 
0) 

to 

a) 
o 

•H 

a 

•H 
H 

CO 

•H 
CO 

-H 
CO 

p. 

E 

0) 
CJ 

O 
CO 

a; 
o 

1 

9 

0) 

cU 
o 

1 

•H 

a 

(U 

o 

<d 

H 
CO 

& 

•H 
-H 

i 

•H 

i 

CO 

to 

a) 

rH 

o 
o 

•H 
CO 

a 

o 
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o 

O 

• 

d 

1 

K 

tc 

w 

m 

(C 

rt 

w 

w 

(A) 

(B) 

(c) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

(L) 

(Mj 

(N) 

(0) 

(p) 

(q) 

1 

D-Arablnose 

f> 

u 

)* 

)^ 

i* 

>> 

^ 

!^ 

}* 

5* 

u 

)> 

^ 

0 

0 

0 

£ 

L-Arablnose 

u 

u 

^ 

i^ 

U 

>> 

t 

u 

)* 

i^ 

U 

0 

i* 

0 

u 

0 

3 

Cellobiose 

^ 

u 

!^ 

0 

!^ 

u 

1i 

U 

u 

u 

U 

U 

u 

u 

u 

u 

1* 

ixacltol 

^ 

u 

!^ 

^ 

^ 

^ 

^ 

J< 

^ 

!^ 

^ 

^ 

1^ 

0 

\ 

>! 

5 

i-Erythritol 

y> 

^ 

1^ 

U 

^ 

0 

0 

u 

^ 

^ 

u 

0 

)^ 

0 

0 

0 

6 

Ethyl  alcohol 

^ 

u 

u 

u 

u 

u 

U 

u 

u 

u 

u 

u 

u 

u 

u 

u 

7 

Galactose 

u 

u 

Ft 

u 

u 

u 

^ 

u 

I* 

)» 

^ 

y» 

)« 

0 

u 

0 

8 

Glucose 

u 

u 

u 

U 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 
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Glycerol 

u 

u 

u 

U 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

LO 

Inulin 

^ 

u 

i 

J» 

^ 

F> 

u 

>f 

^ 

t 

1* 

u 

p> 

u 

0 

u 

U 

Lactose 

^ 

^ 

t 

0 

^ 

>> 
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>t 
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y> 

u 
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!« 

0 

0 

A 

L2 

Maltose 
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u 

^ 

!* 

u 

u 

>♦ 

u 

u 

u 

U 

u 

?^ 

0 

u 

0 

L3 

D-Mannltol 

u 

u 

^ 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

u 

Ll» 

Melezltose 

u 

u 

s^ 

)« 

u 

u 

^ 

u 

^ 

u 

u 

u 

>^ 

0 

u 

0 

L5 

Melibiose 

^ 

u 

^ 

t 

^ 

^ 

^ 

0 

^ 

^ 

t 

^ 

0 

0 

0 

0 

16 

Rafflnose 

^ 

u 

^ 

^ 

t 

t 

u 

u 

^ 

^ 

0 

u 

!^ 

u 

0 

u 

L7 

L-Rhamnose 

^ 

u 

t 

^ 

^ 

i 

!< 

^ 

u 

u 

u 

i^ 

u 

u 

u 

0 

18 

D-Ribose 

u 

u 

t 

u 

u 

u 

)> 

u 

}* 

^ 

u 

>> 

f> 

0 

u 

0 

1-9 

D- Sorbitol 

u 

u 

)* 

U 

u 

u 

J* 

u 

u 

u 

u 

u 

u 

u 

u 

u 

20 

L- Sorbose 

u 

u 

^ 

u 

u 

u 

0 

i* 

u 

yi 

^ 

0 

^ 

0 

u 

0 

n 

Starch,   soluble 

u 

y) 

^ 

]^ 

t 

i 

>J 

u 

>t 
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u 

0 

t 

0 

0 

0 

12 

Sucrose 

u 

u 
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>» 

u 

u 

u 

u 

u 

u 

0 

u 

0 

u 

u 

u 

23 

Trehnlose 

u 

u 

^ 

i^ 

u 

u 

u 

u 

u 

u 

u 

u 

0 

0 

u 

0 

?1^ 

D- Xylose 

u 

u 

i> 

y» 

u 

u 

}* 

u 

u 

u 

u 

u 

u 

u 

u 

u 

25 

Citrate 

u 

u 

u 

u 

u 

u 

)* 

U 

u 

u 

0 

u 

0 

u 

u 

0 

26 

Potassium  D- gluconate 

u 

u 

i^ 

u 

u 

u 

u 

u 

U 

u 

u 

u 

u 

u 

u 

u 

27 

Calcixim  2-keto-D-gluconate 

u 

u 

>> 

^ 

u 

u 

U 

0 

u 

>> 

U 

0 

0 

0 

0 

0 

28 

Potassium  5-keto-D-gluconate 

u 

u 

>! 

^ 

u 

^ 

i< 

^ 

f 

)> 

5^ 

I^ 

0 

0 

0 

0 

29 
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u 

u 

i^ 

1> 
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u 

^ 
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U 
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u 
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0 
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i^ 
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u 

/l/   Saccharomyces  rosel. 
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24.     UTILIZATION  OF  CARBOHYDRATES 

:    YEASTS  (Conclude 

d) 

utilized  (U);     Not  Utilized   (yt);   Variable 
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^ 

5 

^ 

^ 

^ 

>> 

)« 

19  D-Sorbltol 

U 

I^ 

u 

)^ 

^ 

u 

u 

^ 

u 

1^ 

^ 

u 

yt 

u 

^ 

u 

u 

20  L-Sorbose 

>> 

>> 

U 

5< 

u 

t 

u 

)< 

^ 

K 

^ 

u 

!< 

^ 

u 

u 

>> 

21  Starch,   soluble 

u 

!^ 

^Q 

u 

^ 

^ 

J* 

>> 

^ 

)» 

V 

i 

i< 

y» 

^ 

^ 

>> 

2S  Sucrose 

U 

y» 

09 

u 

^ 

u 

u 

u 

u 

u 

^ 

u 

u 

u 

^ 

u 

)> 

23  Trehalose 

U 

)> 

>< 

u 

^ 

u 

u 

u 

u 

^ 

^ 

u 

^ 

u 

!^ 

u 

u 

2k  D-Xylose 

u 

^. 

f^ 

>) 

u 

u 

u 

^ 

u 

^ 

!< 

>> 

^ 

u 

I^ 

u 

f5 

25  Citrate 

U 

^ 

^ 

J* 

^ 

u 

^ 

^ 

u 

^ 

>> 

y» 

^ 

u 

K 

>t 

^ 

26   Potassium  D-gluconate 

U 

u 

U 

>> 

^ 

u 

u 

^ 

1^ 

i 

}« 

u 

y* 

u 

i< 

u 

>> 

27  Calcium  2-keto-D-gluconate 

^ 

u 

J» 

^ 

^ 

u 

u 

^ 

>> 

)< 

^ 

u 

^ 

^ 

^ 

u 

^ 

28  Potassium  5-keto-D-gluconflte 

^ 

)^ 

i^ 

^ 

^ 

i 

u 

)> 

^ 

4 

1^ 

i^ 

^ 

i 

^ 

!^ 

^ 

39  a-Methyl-D-glucoside 

u 

» 

!^ 

^ 

^ 

u 

u 

u 

^ 

^ 

J> 

u 

^ 

u 

>> 

u 

^ 

3C   i- Inositol 

>» 

^ 

>» 

t 

t 

^ 

JJ 

^ 

? 

^ 

5 

t 

5 

t 

? 

^ 

5 

51   DL-Lactate 

u 

i< 

>> 

^ 

u 

u 

u 

u 

u 

^ 

>> 

u 

>> 

u 

u 

u 

u 

52  Pyruvate 

u 

J< 

>> 

t 

u 

u 

u 

u 

u 

^ 

^ 

u 

V 

u 

u 

u 

u 

53  Potassium  sodium  saccharate 

K 

>> 

>! 

^ 

>> 

^ 

u 

>) 

!< 

^ 

)* 

)< 

5 

i< 

^ 

!^ 

^ 

^  Sallcin 

u 

u 

i^ 

1i 

ii 

u 

u 

^ 

u 

u 

>> 

>> 

i^ 

u 

^ 

u 

^ 

55  Succinate 

u 

n 

u 

u 

u 

u 

u 

^ 

u 

^ 

^ 

\ 

)> 

u 

u 

u 

u 

/l/  Saccharomyces  rosel.  /2/  K.  asplculata.  /3/  P.  membranaef aciens .  /I*/  R.  glutinis.  /5/  Candida 
utilis.  /6/  Saccharomyces  fennentatl.  /7/  Saccharomyces  pastori.  /8/  Also  reported  not  utilized, 
/9/  Also  reported  utilized. 
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26.     ESSENTIAL  ORGANIC  COMPOUNDS  (VITAMINS  AND  OTHER) 

REQUIREMENTS:     BACTERIA 
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aBznanTJUT   snTTtjdomsH 
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26.     ESSENTIAL  ORGANIC  COMPOUNDS  (VITAMINS  AND  OTHER) 
REQUIREMENTS:    BACTERIA  (Concluded) 
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33.     DAILY  NUTRIENT  ALLOWANCES:    CAT 

Values  were  derived  from  a  basal  diet  composed  of  40-50  percent  meat  products  (lungs,  spleen,  hearts,  kid- 
neys, beef  tongue  gullets),  with  the  remainder  a  mixture  of  soybean  flour,  skim  milk  powder,  bone  flour, 
and  tomato  puree.  A  failure  of  female  cats  to  give  birth  to  healthy,  viable  young,  and/or  to  lactate  oc- 
curs on  this  diet.   The  deficiency  is  overcome  by  supplementary  feedings  of  fresh  beef  or  liver  or  whole 
milk.  The  final  body  weight  is  greater  in  cats  fed  raw  (unprocessed)  mixtures  than  in  those  fed  the 
processed  form. 


Nutrients 
per  kg  body 
weight  per  day 


Specifications 


Growth 


Raw 
Feed 


Canned 
Feed 


Maintenance 


Raw 
Feed 


Canned 
Feed 


(A) 


(B) 


(C) 


(D) 


(E) 


Water 

Calories,  metabolizable 

Total  feed 

Residue^,  g 


Frotein,  g 

Carbohydrate ,  g 

Fat,  g 

"Essential"  fatty  acids 


123 

0.6 


103 
0.5 


"9Tr 

9.8 
2.7 


76 

0.38 


87 

o.';3 


11.7 


11.7 
3.2 


7.25 


7.25 
2 


5.3 


8.3 
2.3 


Vitamin  A,  calc .  as 

p-carotene^,  jig 
Ascorbic  acid 

Blotln 

Choline 

Cobalamln3 

Vitamin  D,  calc .  as 

calciferol^,  (ig 
Vitamin  e5 

Folic  acid  group^ 
Inositol 
Vitamin  yP 
Niacin^,  mg 
Pantothenic  acid 

Para-aminobenzolc  acid 
Pyridoxlne  group^ 
R  ibof  la V  Ine ,  mg 
Thiamine,  mg 


81 


67.2 


0.48 


2.3 


0.32 
0.05 


0.4 


0.26 
0.04 


49.8 


0.29 


1.4 


0.19 
0.03 


"^TST 


57 


0.33 


1.6 


0.22 
0.04 


"UT^T" 


Calcium,  g 

Chlorine 
Cobalt 
Copper 
Fluor  ine 
Iodine 

Iron 

Magnesium 
Manganese 
Phosphorus ,  g 
Potassium 

Silicon 
Sodium 
Sulfur 
Zinc 


0.63 


0.53 


0.4 


0.33 


0.24 


0.28 


/l/  Fibre.  /2/  0,6  ug  p. carotene  =  one  I.  U.  /3/  A  generic  term  including  cyanocobalamln  (vitamin  Bj^j)  ^""^  1*^ 
hydrogenatlon  product  (known  variously  as  B^pn  or  Bj^2b)  which  has  approximately  the  same  biological  activity. 
/4/  0.025  |ig  calciferol  =  one  I.  U.  /5/  A  generic  term  for  alpha-,  beta-,  delta-,  and  gamma -tocopherols. 
/6/  Folic  acid  is  not  a  chemical  entity,  but  a  generic  term  for  pteroylglutamlc  acid  (folacln),  vitamin  M,  vita- 
min Bg,  factor  U,  L.  easel  factor,  Norlte  eluate  factor,  /l /   The  antl-hemorrhaglc  factor.  A  generic  term  for 
vitamin  Ki  (2-methyl-3-phytyl-l,4-naphthoquinone),  synthetic  vitamin  K  (menadione  =  2-methyl-l,4-naphthoquinone), 
and  vitamin  K2  (2-iiiethyl-3-dlfarne8yl-l,U-naphthoquinone) .   /8/  The  term  Is  used  here  as  a  generic  term  for 
nicotinic  acid  (niacin),  nicotinic  acid  amide  (nicotinamide);  also  for  pellagra  preventive  (P.  P.)  factor,  antl- 
blacktongue  factor.  /9/  Includes  pyridoxlne,  pyrldoxal,  and  pyrldoxamlne. 
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36.     DAILY  NUTRIENT  ALLOWANCES:    DOG 

Values  are  approximations  to  adequate  requirements  for  normal  growth,  health  and  productivity. 
Presentation  of  values  in  terms  of  "per  kg  body  weight  per  day"  is  for  purposes  of  comparison  of 
species,  and  does  not  necessarily  imply  a  close  correlation  between  nutrient  need  eind  body  weight 
within  the  species. 


Specifications 
NutrientT 
per  kg  body 
weight  per  day 


Young 


Growth 

"T5r~ 


Mature 


Maintenance 


IcI 


Specifications 
Nutrient^ 
per  kg  body 
weight  per  day 


JEL 


Young 


Mature 


Growth 


Mainteneince 


is: 


m 


(cT 


1  Water 

2  Calories  ,  metabolizable 

3  Total  feed,  g 
1|[  Residue  

Protein',  g 


Carbohydrate,  g 

Fat,  g 

"Essential"  fatty  acids 


150^ 
50 


2-T 

26 
7 


75^ 
25- 1+0 

17.6 
1.3 


2C  Pantothenic  acid,  nig 


Vitamin  A,  calc .  as 

P-carotene5,  ^g 
Ascorbic  acid 

Biotin^''^ 
Choline,  mg 
Cobalamin",  p.g 
Vitamin  D,  calc .  as 

calciferol9,  (jg 
Vitamin  E^O,  mg 


Folic  acid  group 
Inositol 
Vitamin  K^ 
Niacin-'-J,  mg 


11 


H6 


120 


55 

1.5 


°-5?o 


15 
O.k 


59 


0? 

33 

0.55 

0.16 


0 
0? 

0.2i| 


2] 
2£ 
21 
2k 
21 

Zi 
21 
2£ 
2S 
5C 

31 

3S 
33 

y, 

3t 

31 
3£ 
3S 


Para-aminobenzoic  acid 
Pyridoxine  group^,  mg 
Riboflavine,  mg 
Thiamine,  mg 


Calcium,  mg 

Chlorine,  mg 
Cobalt,  mg 
Copper,  mg 
Fluorine,  mg 
Iodine,  mg 

Iron,  mg 

Magnesium,  mg 
Manganese,  mg 
Phosphorus,  mg 
Potassium,  mg 

Silicon 
Sodium,  mg 
Sulfur,  mg 
Zinc,  mg 


0.1 

0 

0.055 
0.09 

550I5 

0.05 
0.16 

0.033 

1.3 
35 
0.22 

Mtol9 
530^1 


60 

0.U2 


0.055 

0 

0.022 
O.OlA 
0.018 
■250^''^ 

180 

0.05 

0.16 
0.08^8 

0.033 

1.3 
11 

0.11 
22020 
220 


^?18 

0.11 


/l/  Kilocalories.  /2/  There  is  considerable  variation,  depending  on  size  of  the  animal.  /3/  Con^ilete, 
balanced  protein,  free  of  toxic  materials,  /h/  Recommended  allowance  of  20^  in  diet.  /5/  0.6  ^g  P- 
carotene  =  one  I.U.  /6/  Needed  only  when  avldln  is  in  diet,  /"j/  Progressive  paralysis  cured  by  daily 
administration  of  100  ng/kg  body  weight,  which  probably  well  exceeds  daily  need  of  healthy  animals. 
/8/  A  generic  term  including  cyanocobalamin  {vitamin  B12)  and  its  hydrogenatlon  product  (known  vari- 
ously as  B^o  or  B-j^^j)  which  has  approximately  the  same  biological  activity.  /9/  0.025  ^*6  calciferol 
=  one  I.U.  710/  A  generic  term  for  alpha-,  beta-,  delta-,  and  gamma- tocopherols.  A  value  of  1  has 
been  reported,  /ll/  Folic  acid  Is  not  a  chemical  entity,  but  a  generic  term  for  pteroylglutamic  acid 
(folacin),  vitamin  M,  vitamin  Be,  factor  U,L.  casei  factor,  Norite  eluate  factor.  Values  are  based  on 
the  requirement  of  the  fox.  /l2/  The  anti-hemorrhagic  factor.  A  generic  term  for  vitamin  K^  (2-methyl- 
3-phytyl-l,4-naphthoquinone),  synthetic  vitamin  K  (meneuiioue  =  2-methyl- 1,1*- naphthoquinone ) ,  and  vit- 
amin Kg  (2-methyl-3-difamesyl-l,l*-naphthoquinone) .  Required  when  normal  bile  production  is  inqjaired. 
/I3/  The  term  is  used  here  as  a  generic  term  for  nicotinic  acid  (niacin)  and  nicotinic  acid  amide 
(nicotinamide) ;  also  for  pellagra  preventive  (P.P.)  factor,  anti-blacktongue  factor.  /1I+/  Includes 
pyridoxine,  pyridoxal  and  pyridoxamlne .  /15/  A  veilue  of  90  has  been  reported.  /I6/  A  value  of  1*5  has 
been  reported.  /l?/  A  vadue  of  90  has  been  reported.  /18/  Calculated  from  Wesson's  salt  mixture 
{0.7  g  salt  mixture/kg  body  weight  per  day).  /19/  A  value  of  75  has  been  reported.  /20/  A  value  of 
35  has  been  reported.  /2l/  A  value  of  I50  has  been  reported. 
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37.     DAILY 

NUTRIENT  ALLOWANCES: 

FOX  AND  MINK 

Values  are  approximations  to  adequate  requirements  for  normal  growth,  health  and  productivity.   Presentation  of  values  In  terms 
of  "per  kg  body  weight  per  day"  Is  for  purposes  of  coo^jarlson  of  species,  and  does  not  necessarily  Imply  a  close  correlation  be- 
tween nutrient  need  and  body  weight  within  the  species.   For  diets  that  supply  the  allowances  In  these  columns,   see  table  50, 
Diets:  Laboratory  and  Domestic  Animals. 

Required  (B) 

^s.   Specifications 

nutrient  B    ^v^^^ 
per  kg  body      \. 
weight  per  day       ^s. 

Fox 

Mink                       1 

Young 

if*   grovm 

Mature 

Young 

3/1*  grown 

Mature 

11 

wk 

23  wk 

11 

wk 

23  wk 

cK.i   kg 

92.2  Kg 

:f'*.7  kg 

9l*.l  kg 

*5.7  kg 

9'*. 7  kg 

cfO.59  kg 

?0.1*5  kg 

cfO.95  kgi'0.68  kg 

cfl.Ol*  kg 

90. ta  kg 

Growth 

Maintenance 

Growth 

Maintenance 

(A) 

(b) 

(C) 

(D) 

U) 

fF) 

(G) 

(H) 

(I) 

(J) 

(K) 

(l) 

(M) 

1 
c 

i 

Water 

Calories'^,  metabollzabl 

Total  feed;  dry^,  g 

Residue 

73 

62 

hj 

37 

122^ 
25 

1272 
27 

100 

111 

86 

100 

83 

2633 
100 

Protein,  g 

i8 

15 

d 

9 

5 

6 

22 

21* 

11* 

16 

13 

16 

t 
1 

i 
c 

10 

Carbohydrate^ 
"Essential"  fatty  acids 

H 

R 

F 

R 

R 

R 

R 

R 

R 

R 

R 

R 

Vitamin  A,  calc.  as 

t-caroten?'^,  rag 
Ascorbic  acid 

0.08 

0.06 

O.Oi* 

O.Ol* 

0.03 

0.03 

0.10 

0.11 

0.09 

0.10 

0.08 

0.10 

11 

12 
13 
11. 
15 

Blotln 
Choline 
Cobalamln° 
Vitamin  D 
Vitamin  E^ 

B 

R 

R 

R 

B 

B 

R 

R 

R 

R 

R 

R 

li 

17 
l£ 
19 
20 

Folic  acid  groupie,  mg 
Inositol 
Vitamin  k" 
Nlacinl2,  mg 
Pantothenic  acid 

o.oiu 

0.7'* 
0.56 

0.012 

0.63 
0.50 

0.008 
0.1*0 

0.32 

0.007 

0.36 
0.29 

0.005 

0.26 
0.21 

0.005 
0.26 

0.19 

0.020 

0.98 
0.80 

0.022 

1.11 
0.89 

0.017 

0.85 
0.68 

0.021 

1.0 
0.79 

0.015 

0.78 
0.63 

0.021 

1.0 
0.79 

21 
22 
23 

2U 

2^ 

Para-aminobenzolc  acid 
Pyrldoxlne  groupl3,  mg 
Rlboflavine,  mg 
Thiamine,  mR 

0.08 

o.iu 

0.08 

0.07 
0.12 
0.07 

0.05 

0.08 

0.05 

o.ou 
0.07 
o.oi* 

0.03 
0.05 

0.03 

0.03 
0.05 
0.03 

0.10 
0.20 
0.10 

0.13 
0.22 
0.13 

0.09 
0.17 
0.09 

0.12 
0.21 
0.12 

0.09 
0.15 
0.09 

0.12 
0.21 
0.12 

Calcium,  g 

3.1*3 

0.36 

0.26 

0.21 

0.16 

0.15 

0.39 

0.1*0 

0.31* 

0.1*0 

0.35 

0.1*0 

26 
27 
2J 
2S 

3C 

Chlorine^'' 

Cobalt 

Copper 

Fluorine 

Iodine 

R 

R 

R 

R 

F 

F 

R 

F 

R 

R 

R 

R 

31 
32 
3: 

35 

Iron 

Magnesium 
Manganese 
Phosphorus,  g 
Potassium 

O.Uj 

0.36 

0.26 

0.21 

0.16 

0.15 

0.39 

0.1*0 

0.31* 

0.1*0 

0.35 

0.1*0 

3f 
37 
3f 
3S 

Silicon 
Sodiuml5 
Sulfur 
Zinc 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

F 

/l/  Kllocalorles.  /2/  Based  on  55  Cal/lb  body  weight.  /3/  Based  on  I2l*  Cal/lb  body  weight.  /!*/  Usual  wet  ration  assumed  to 
be  31*56  dry  weight.  /5/  Foxes  and  minks  have  been  maintained  satisfactorily  on  a  purified  basal  diet  containing  6^  sucrose. 
/6/  Fresh  fat  can  be  used  In  the  diet  to  the  extent  of  5-10)6.  /7/  O.OOO6  mg  p-carotene  -  one  I.  U.  /8/  A  generic  term  Including 
cyanocobalamin  (B^j)  and  Its  hydrogenatlon  product  (Bj^a  or  Bigi,)  which  has  approximately  the  same  biological  activity.  /g/  A 
generic  term  for  alpha-,  beta-,  gamma-,  and  delta- tocopherols.  ;  /lO/  Folic  add  is  a  generic  term  for  pteroylglutamlc  acid  (PGA; 
folacln)  and  pteroylglutomates.  Also  known  as  vitamin  M,  vitamin  Bq ,  factor  U,  L.  easel  factor,  Norite  eluate  factor,  /ll/  The 
antl-hemorrhaglc  factor.  A  generic  term  for  vitamin  Kj  (2-metliyl-3-phytyl-l,l*-naphthoqulnone) ,  synthetic  vitamin  K  (menadione  . 
2-methyl-l,l»-naphthoqulnone),  and  vitamin  Ks  (2-methyl-3-dlfarnesyl-l,l*-naphthoqulnone) .  /l2/  Generic  term  for  nicotinic  acid 
(niacin)  and  nicotinic  acid  amide  (nicotinamide);  also  for  pellagra  preventive  (P.P.)  factor,  anti-blacktongue  factor.  /13/  In- 
cludes pyrldoxlne,  pyrldoxal  and  pyrldoxamlne.  /lU/  0.5%  NaCl  added  to  dry  diet. 
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38o     DAILY  NUTRIENT  ALLOWANCES:    HORSE 

Values  are  approximations  to  adequate  aiiowances,   intended  to  provide  a  safe 

margin  above  minl- 

mum  reqxiirements  where  known.        Presentation  of  values  in  terms  of  "per  kg  body  weight  per  day"         | 

Is  for  purposes     of  comparison  of  species,   and  does  not  necessarily     imply  a 

close     correlation        | 

between  nutrient  need  and  body  weight  within  the  species. 

1 

Required   (R);    Req 

uirement  questionable  (?) 

^*^v^   Specifications 

Nut  r  i  e  n  ts^*«^^ 
per  kg  body  ^^^^^ 

Young 

Half-grown 

Mature 

d^lSa   kg 

rf956}   kg 

d?635  kg 

9635 

kg 

Growth 

Main- 

Medium 

Hard    fork 

Pregnancy 

Lactation 

weight  per  day      ^'"■'•.^^ 

tenance 

Work 

Light 

Work 

(A) 

(B) 

(C^ 

(Dl 

(El 

(F) 

(a) 

(a) 

1 

Water 

2 

CalorieB^,  metabollzable  69 

U9 

29 

U3 

^ 

39 

6U 

5 

Total  feed^,   g 

50 

22 

13 

19 

25 

IT 

25 

It 

5 

Residue 

Proteln5,   g 

2.9 

1-5 

0.6 

0.8 

1.0 

0.8 

1.9 

6 

Carbohydrate?,   g 

12.9 

10.1 

6.0 

9.1 

11.5 

8.2 

12.9 

Y 

Fat5,   g 

0.6 

O.ll 

0.3 

O.U 

0.5 

O.U 

0.6 

8 
9 

"Essential"   fatty  acids 

Vitamin  A,    calc.   as 

p-carotene^,   mg 

0.11 

0.11 

0.11 

0.11 

0.11 

0.15 

O.IJ 

LO 

Ascorbic  acid 

LI 

Blotln5 

R 

B 

R 

R 

R 

R 

R 

12 

Choline 

13 

Cobalamln^ 

Lit 

Vitamin  D,   calc.  as 

calciferol7,   ^g 
Vitamin  E° 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

L5 

16 

Folic  acid  group5 

R 

R 

R 

R 

R 

R 

R 

n 

Inositol 

18 

Vitamin  K^'^ 

L9 

Nlacin^J-,   mg 

Q.IO 

0.10 

0.10 

0.10 

0.10 

0.15 

0.15 

>0 

Pantothenic  acld5 

F? 

R? 

R? 

R7 

F7 

R? 

R? 

>1 

Para-amlnobenzoic  acid 

!2 

Pyrldoxlne  group^ 

R 

R 

R 

R 

R 

R 

R 

23 

iRiboflavlne'J 

n 

H 

R 

P 

:- 

R 

R 

;it 
!5 

iThiamine? 

K 

R 

R 

R 

R 

R 

Calcium,   mg 

115 

V) 

20 

23 

52 

31 

60 

>6 

Chlorine 

R 

K 

R 

R           1             R 

R 

R 

57 

Cobalt 

7 

? 

•> 

7 

7 

7 

7 

2£ 

Copper 

? 

7 

1 

7 

7 

7 

7 

29 

Fluorine 

50 

Iodine 

R 

R 

R 

R 

R 

R 

R 

31 

Iron 

52 

Magnesium 

R 

R 

R 

R 

R 

R 

R 

55 

Manganese 

5'' 

Phosphorus,   mg 

96 

51 

22 

51 

36 

llO 

50 

55 

Potassium 

56 

Silicon 

57 

Sodium 

R 

R 

R 

R 

R 

R 

R 

58 

Sulfur 

59 

Zinc 

/l/  Kilocalories.  These  values  represent  the  approximate  amount  of  food  energy  actually  available  to 
and  capable  of  use  by  the  animal  from  the  food  absorbed.  If  P,  C,  and  F  represent  protein,  carbohy- 
drate and  fat.  Ingested  P,C,F  -  fecal  P,C,F  =  virtually  absorbed  P,C,F.  Grams  of  vlrtxially  absorbed 
PxU  +  Cxh  +  Fx9  =  metabollzable  Calories.  These  values  are  approximate  only.  The  value  for  protein 
(=xU)  allows  for  a  '^(yfc  loss  of  virtually  absorbed  Calories  in  the  urine  (urea,  hlppurlc  acid,  etc.). 
In  animal  husbandry,  and  In  this  table,  metabollzable  Calories  are  calculated  from  "T.  D.  N."  ("total 
digestible  nutrients")  by  multiplying  grams  T.  D.  N.  by  k.  /2/  Air-dried  (90^  dry  weight).  /j/  Di- 
gestible, /k/  0.0006  mg  3-carotene  =  one  I.  U.  /5/  Probably  synthesized  by  the  horse.  /6/  A  generic 
term  Including  cyanocobalamin  {vitamin  B^2^  ^"^  ^^^  hydrogenation  product  (known  variously  as  B]^2a  ^^ 
^12bJ  which  has  approximately  the  same  biological  activity.  /7/  0.025  ug  calciferol  =  one  I.  U.  Nor- 
mally supplied  by  exposure  to  direct  sunlight  or  by  ingestion  of  sun-dried  roughages.  /6/  A  generic 
term  for  alpha-,  beta-,  delta-,  emd  gamma-tocopherols.  /9/  Folic  acid  Is  not  a  chemical  entity,  but  a 
generic  term  for  pteroylglutamic  acid  (folacin),  vitamin  M,  vitamin  B^.,  factor  U,  L.  casei  factor, 
Norite  eluate  factor.  /lO/  The  anti-hemorrhaglc  factor.  A  generic  term  for  vitamin  K^  (2-methyl-5- 
phytyl-l,U-naphthoqulnone) ,  synthetic  vitamin  K  (menadione  =  2-methyl-l,U-naphthoquinone) ,  and  vita- 
min K2  (2-methyl-3-difamesyl-l,U-naphthoquinone).  /ll/  The  term  is  used  here  as  a  generic  term  for 
nicotinic  acid  (niacin)  and  nicotiiic  acid  amide  (nicotinamide);  also  for  pellagra  preventive  (P.  P.) 
factor,  anti-blacktongue  factor.     /I2/  Includes  pyrldoxlne,   pyridoxal  and  pyridoxamine. 
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39.     DAILY  NUTRIENT  ALLOWANCES:    MONKEY 

Values   are  for  Macaca  mulatta.   They  are  approximations  to  adequate  allowances,   and  are  appli- 
cable to  Juvenile  or  adolescent  as  well  as  mature  monkeys.   The  presentation  of  values  in  terms 
of  "per  kg  body  weight  per  day"    is  for  purposes  of  comparison  of  species,   and  does  not  neces- 
sarily imply  a  close  correlation  between  nutrient  need  £ind  body  weight  within  the  species. 

Required   (R) 

^^^^.^^Specifi  cations 

Nu  t  r  i  e  nt  s^-^,.,.^^ 
per  kg  body     ^"""-^^^.^^ 
weight  per  day       ^^^--^ 

Rhesus 

Monkey 

^"■^^^^  Specif  ications 

Nutrient  s^^^,..,^^ 

per  kg  body     ^"^-^,^_^^ 

weight  per  day        ^~^^^^ 

Rhesus 

*Dnkey 

Growth  and 

MsLintenance 

Growth  and  1 

teintenance 

Minimum 
Requirement 

Daily 
Allowancel 

Minimum 
Requirement 

Daily 
Allowancel 

(A) 

(B) 

^C) 

(a) 

(b) 

(c) 

1 
2 

5 
k 

6 
7 
8 

9 

LO 

Ll 
L2 
L5 
iU 

15 

Water 

Calories^,  metabolizat 

Total  feed,   g 

Residue 

)le  41-51*3 

1585 
UO 

50 

n 
22 

53 
Ik 

56 

57 

58 

29 

K 

51 
52 
53 

ik 

55 

Pantothenic  acidl5,  m^ 

Para-ami nobenzoic  acid 
ryridoxine 

groupl5>lo     ^g 
Riboflavinel5,   ^g 
Thiamine,   ^g 

;        <i 
.  nig 

itooi"* 

25-50 
15 

0.8 

12.0 

lUO 
ll*0 
lUO 

Protein,   g 

Carbohydrate,   g 

Fat,  g 

"Essential"    fatty  acic 

1.6-2.0 

s 

7.2 
28. 1* 

? 

Calcium,  mg 

Chlorine,  mg 
Cobalt 17,   ng 
Copper,   ng 
Fluorine ,   *ig 
Iodine,  mg 

Iron,  mg 
Magnesium,  mg 
Manganese,  mg 
Phosphorus,  mg 
Potassium,  mg 

<60 

155 

230 

19 
1+80 
1*0 
0.6 

5 
10 

1.6 
170 
155 

Vitamin  A,   calc.    as 

P- carotene^,   ^g 
Ascorbic  acid,  mg 

Bi^tin,   ng 
Choline,  mg 
Cobalamln",   jig 
Vitamin  D,    calc.   as 

calciferol7,   pg 
Vitamin  E°,  mg 

R 

1 

5 

R 
R 

56 

h 

8 

Uo5 
? 

0.52 
2.0 

l6 
L7 
l8 

L9 

Folic  acid  group9»10^ 
Inositol,  mg 
Vitamin  kH,   jig 
?;iacinl2,15,  mg 

ng  55-50 
2-3II* 

80 
UO 
1*0 
1.0 

56 

57 
58 
59 

Silicon 

Sodium,  mg 
Sulfur,  mg 
Zinc,  mg 

? 
150 

ll* 
0.9 

/l/  For  a  diet  that  will  supply  the  nutrients  in  this  column,  see  table  ^0,  Diets:  Laboratory 
and  Domestic  Animals.  /2/  Kilocalories.  These  values  represent  the  approximate  amount  of  food 
energy  available  to  and  capable  of  use  by  the  animal  from  the'  food  absorbed.  /5/  For  the  ado- 
lescent monkey.  /!*/  0.6  *ig  p-carotene  =  one  I.  U.  /5/  25  mg  has  been  used  with  satisfactory  re- 
sults. /6/  A  generic  term  including  cyanocobalamin  (vitamin  B^g)  and  its  hydrogenation  product 
(known  variously  as  B^ga  O""  ^12b^  which  has  approximately  the  same  biological  activity.  /7/ 
0.025  **g  calciferol  =  one  I.U.  /8/  A  generic  term  for  alpha-,  beta-,  delta-,  gamma- tocopherols. 
/9/  Folic  acid  is  not  a  chemical  entity,  but  a  generic  term  for  pteroylglutamlc  acid  (folacin), 
vitamin  M,  vitamin  B,,,  factor  U,  L.  casei  factor,  Norite  eluate  factor.  /lO/  Increase  in  allow- 
ance above  the  minimum  value  has  not  produced  any  beneficial  effects  except  in  deficiencies  of 
pantothenic  acid,  pyridoxine  and  ribof lavine ,  or  when  the  animal  has  first  been  depleted  of 
folacin.  /ll/  A  generic  term  for  vitamin  Kj^  (2-methyl-5-jihytyl-l,l*-naphthoquinone) ,  vitamin  Kg 
(2-methyl-5-difarnesyl-l,'*-naphthoquinone)  and  synthetic  vitamin  K  (menadione  =  2-methyl-l,l*- 
naphthoquinone) .  /I2/  The  term  is  used  here  as  a  generic  term  for  nicotinic  acid  (niacin)  and 
nicotinic  acid  amide  (nicotinamide);  also  for  pellagra  preventive  (P.  P.)  factor,  anti-black- 
tongue  factor.  /15/  Requirement  depends  somewhat  on  ti-yptophan  content  of  the  diet,  /ik/  Value 
derived  from  repletion  (therapeutic)  type  experiment.  /15/  Exact  requirement  difficult  to  de- 
termine since  a  deficiency  of  the  vitamin  elicits  a  requirement  for  an  unidentified  factor,  the 
"monkey  Emti-anemia  factor",  or  greatly  increases  requirement  for  folacin.  /16/  Includes  pyri- 
doxine, pyrldoxal  and  pyridoxamlne.  /17/  Need  except  ao  cobalamin  not  known. 
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40.      DAILY  NUTRIENT  ALLOWANCES:    RAT 

Values  are  approxljnatlonfl  to  adequate  allovancea,  Intended  to  provide  a  safe  BarKln  abore 

mlniaum  requirements  vhere  known.  Presentation  of  values  In  terms  of  "per  kg  body  velrfit 
per  day  Is  for  purposes  of  ccBiparlson  between  species,  and  does  not  necessarl^lmplTa 
close  correlation  between  nutrient  need  ani  body  weight  within  the  species. 
Required  (R);   Not  required 


/I/  There  Is  no  evidence  that  fat  per  se  Is  needed  except  as  a  means  of  supplying  essential 
fatty  acids.  /2/  0.0006  mg  e-carotene  =  one  I.  U.  /3/  Values  raised  20*  to  provide  margin 
above  minimum  requirements  submitted  by  Broun,  R.  A.  /U/  A  generic  term  Including  cyanoco- 
balamln  (vitamin  Bj^g)  «™1  "=  hydrogenatlon  product  (known  variously  as  Bip.  or  B,-»,)  which 
has  approximately  the  same  biological  activity.  /5/  FoUc  acid  Is  not  a  cheSlcal  entity  but 
a  generic  term  for  pteroylglutamlc  acid  (folacln),  vitamin  M,  vitamin  B^,  factor  U,  L  easel 
factor,  Norlte  eluate  factor.  /6/  Essential  when  "sulfa"  drugs  are  administered,  or  when 
diet  Is  low  In  protein.  /7/  Some  authorities  claim  a  requirement  Is  Indicated.  /8/  The 
aotl -hemorrhagic  factor.  A  generic  term  for  vitamin  K,  (2-methyl-}-phytyl-l,U-naphthoqul- 
none),  synthetic  vltamlnK  (menadione;  2-methyl-l,U-naphthoqulnone)  and  vitamin  K,  (2-methyl- 
J-dlfamesyl-l.U-naphthoqulnone).  /9/  A  generic  term  for  nicotinic  acid  (niacin)  and  nico- 
tinic acid  amide  (nicotinamide);  also  for  pellagra  preventive  (P.  E. )  factor,  anti-black- 
tongue  factor.  /lO/  Includes  pyrldoxlne,  pyrldoxal  and  pyrtdoxamine.  /u/  The  cobalt  pre- 
sent m  vitamin  B^j  takes  care  of  the  entire  cobalt  requirement  of  the  rat  as  far  as  is 
known;  inorganic  cobalt  is  not  utilized  nor  required.  /12/  Organic  sulfur  (menthlonlne)  sat- 
isfies all  the  sulfur  requirements;   inorganic  sulfur  Is  not  required. 
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41.     DAILY  NUTRIENT  ALLOWANCES: 

GERM- 

FREE  RAT,  CHICKEN 

The  allGwances   In  this  table  are  based  on  diets  demonstrated  to  be  adequate  for  and.    In  some 
cases,   definitely  In  excess  of.   the  needs  of  the  animal.   All  elements  In  the  diet  were  steam 
sterilized  (50  mln.,    121°C).   Sterility  of  environment  vas  maintained  In  the  case  of  the  germ- 
free'- animals.  All  other  conditions  vere   Identical  for  both  the  germ-free  and  control  animals. 

N^     Specifications 

Nutrients     ^v 
per  kg  body       \. 
weight  per  day      ^^ 

Chicken^ 

Rat, 

«iite 

Bantam 

White 
Leghorn 

Young 

Voung 

Adult' 

28  da 

28  da 

10  da 

cr90.ll  kg 

(«0.25  kg 

t«0.02  kg'*'5 

cr90.01  kg6 

(^90. 20  kg 

Controls  and  Germ- free      Controls 

Germ- free 

Controls 

Germ-  free 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

1 
2 

k 

Water,   ml 

Calories'?,  metebollzahli 
Total  feed,   g 
Residue,   g 

200 

>   580 

11*0 

120 

5?0 

80 

1*00 

520 

100 

0 

550 

1200 

150 

0 

90 

190 

50 

0 

no 

190 

50 

2 

Protein,   g 

1*8 

28 

1*8 

1*5 

15 

15 

i 
1 
i. 
C 

LC 

Carbohydrate,   g 

Fat,    g 

"Essential"   fatty  acl 

65 
11 
Is 

1*0 
5 

16 
50 

15 

100 

27 
5 

27 
5 

Vitamin  A^,    calc.   as 

P- carotene,   ^ig 
Ascorbic  acid,    mg 

320 
270 

190 
160 

1.2 
5-5 

12 
25 

21*0 

21*0 

507 

LI 
L£ 

11* 
15 

Blotln,   ng 
Choline,   mg 
Cyanocobed.amln       _  g 
Vitamin  D,   jig 
Vitamin  W^ ,   mg 

55 

270 

1.2^° 
35 

52 
160 

0.6^° 
20 

1*2 
0.07^ 

1*0 
50 

llli 

50 

1* 

ill 
25 

50 

1* 

ill 
25 

If 

n 

l£ 
i; 

Folacln     ,   mg 
Inositol,   mg 
Vitamin  K^'*,   mg 
Nicotinamide,   mg 
Pantothenic  acid  ',   m 

l.lt 

11*0 

7 

7 

5    27 

0.8 
80 

1* 

1* 
16 

0.16 

9 
2.5 

0.58 

2.5 

12 

0.1* 
50 

5 

5 
12 

0.1* 

50 

5 

5 

12 

n 

3c 

Para-amlnobenzoic  acl 
Pyridoxlne,   mg 
Riboflavin,   mg 
Thiamine,   mg 

i 
3 
1* 
8 

1.6 
2.1* 

5 

0.5 

0.01 

1* 

5 

6 

5 

1.1* 
1.3 
0.1* 

1.1* 
1.3 
0.1* 

Calcium,   g 

1.1 

0.65 

1.0 

1-5 

0.1*1 

0.1*1 

26 

r\ 
?£ 
29 
50 

Chlorine,   mg 
Cobalt,   mg 
Copper,   mg 
Fluorine,   mg 
Iodine,   mg 

2U0 

1 
8 
1 
2 

11*0 
0.6 
5 
0.6 

1 

1.5 

90 
0.5 
5 

0.3 
0.8 

90 
0.5 
5 

0.5 
0.8 

51 

5a 

53 

5^ 
55 

Iron,  mg 
Magnesium,   mg 
Manganese,   mg 
Phosphorus,   g 
Potassium,  g 

80 

60 

25 
1.1 
0.8 

50 

55 

11* 

0.65 
0.5 

5.5 

150 

1.0 

0.5 

25 

80 
0.05 
0.8 
0.7 

25 

20 

9 

0.1* 
0.5 

25 

20 

9 

0.1* 
0.5 

56 

57 
58 
59 

Silicon 
Sodium,   g 
Sulfur,   ng 
Zinc,   mg 

0.7 
1.6 

0.1* 
0.9 

0.1* 

0.5 

0.25 
0.7 

0.25 
0.7 

/l/  A  discuBdlon  of  the  meaning  of  "germ- free",  and  a  description  of  the  methods  used  In  raising 
germ- free  anlmalB  will  be  found  In  the  Lobund  reports  of  the  University  of  Notre  Dame.   /2/  It 
should  be  noted  that  each  of  these  columns  (B  and  C)  contains  data  for  both  control  and  gena-free 
chickens.  No  difference  was  found  between  the  daily  nutrient  allowance  of  controls  and  geno-free 
chickens  in  the  case  of  the  two  breeds,  bantam  and  white  leghorn.  For  a  diet  that  will  supply  the 
nutrients  listed  in  these  colunns,  see  table  50,  Diets;  Laboratory  and  Domestic  Animals,  /j/  Nut- 
rient allowances  for  growth,  maintenance,  reproduction.  /U/  Suckling  rats.   /?/  The  values  in 
this  column  are  based  on  the  chemical  coii^>osltion  of  normal  rat  milk.   /6/  Artificially  fed.  Ill 
Kllocalorles,  calculated  from  the  following  standards:  protein,  h.Z   calories  per  gram;  carbohy- 
drate, U.I5  calories  per  gram;  and  fat,  9.'*  calories  per  gram.  /8/  One  I.  U.  •  0.6  jig  p-carotene, 
/9/  Vitamin  Bi2'  /lO/  Calculated  as  D5.  One  International  Chick  Unit  =  1.35  A.O.A.C.  units  = 
0.025  Jig  vitamin  D3  (7-dehydrocholeaterol).  /ll/  Calculated  aa  calciferol.  One  I.  U.  =  0.025  Hg 
calciferol,  /12/  As  ot-tocopherol.  /ij/  Folic  acid;  pteroylglutamlc  acid.  /lU/  As  menadione, 
2-methyl-l,  ^-naphthoquinone .   /l5/  As  calcium  pantothenate. 
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42.     DAILY  NUTRIENT  ALLOWANCES:    CERTAIN  RODENTS 

Values  are  approximations  to  adet^uate     sillowances,  intended  to  provide  a  safe  margin 
quirements     where  knovm.        Presentation  of  values  in  terms  of  "per  kg  body  weight  per 
poses  of  comparison     of  species,   and  does  not  necessarily     imply  a  close  correlation 
need  and  body  weight  within  the  species. 

above  minimum  re- 
day"    is  for  pur- 
bet  ween  nutrient 

Required   (R);    Not  required   (Jt) 

^\^  Specifications 

Nutrients^ 

per  kg  body    ^^^ 

weight  per  day           s. 

Cotton 
Rat 

Hamster 

HDUse 

Specifications 

Nutrients^^^ 
per  kg  body    ^"^^ 
weight  per  day      ^\^^ 

Cotton 
Rat 

Hamster 

Mouse 

Young 

Young 

0.025  kg 

0.025  kg 

0.025  kg 

0.025  kg 

0.025  kg 

0.025  kg 

Growth 

Growth 

(A)                   ^ 

(B) 

(C) 

(D) 

/A)                   ^ 

^B) 

Ic) 

(Dl 

1 
2 
5 
1* 

6 

7 
8 

9 
LO 

Water,  ml 

Calories,   utilizablel 
Total  feed,   g 
Residue,   g 

R 
620 

150 

R 
61*5 

i*.82 

182 

657 
lUO 

?1 
?2 

2U 

?5 

li 

?7 
?£ 
29 
50 

Para-ami no benzoic 

acid,  mg 
Pyridoxine  group22j  m 
Riboflavine,   mg 
Thiamine,   mg 

U8 

z     o.uo 

0.U8 

O.uo 

160 
1.9 
2.6 

1.5 

5.» 

2.8 

l.U 

Protein,  g 

Carbohydrate,   g 

Fat,   g 

"Essential"    fatty  aci 

385 

100^  ^ 
7.5^ 
is,   g 

525 

101*5 
11.27 

U25 

70 
21 
O.lU 

Calcium,   g 

Chlorine,  mg 
Cobalt,   tjg 
Copper,  mg 
Fluorine,  mg 
Iodine,   mg 

0.9 
800 

Uoo 

0.7 
0.6 
1.5 

Vitamin  A,    calc.    as 

p-carotene°,  mg 
Ascorbic  acid 

0.99 

i.iio 

0.8U11 
t 

LI 
L£ 
L3 

lit 

l6 

L7 

l8 

L9 
20 

Biotin,   mg 
Choline,  mg 
Cobalaminl5,  mg 
Vitamin  D,   calc.    as 

calclferoll5,  ^g 
Vitamin  e1°,  mg 

Folic  acid  groupl7j   m 
Inositol,  mg 
Vitamin  k1°,  mg 
Niacinl9»20^    ^ 

Pantothenic  a'cid,  mg 

0.02 
l60 

59 

I       0.52 

i6o 

U.O 
5.2 

0.02 
61*0 
p. 

6.810 
U.O 

0.52 

uoo 

u.8 
8.0 
1.621 

0.0}12 
210   , 

uiu 

0.7 

i.uii 

7 
lU 

51 
52 
55 
5U 
55 

56 
57 
58 
59 
to 

tl 

Iron,   mg 
Magnesium,  mg 
MEinganese,  mg 
Mineral  salts,  g 
Phosphorus,  g 

Potassium,   mg 
Silicon 
Sodium,   g 
Sulfur 
Zinc,   mg 

6.U 

6.U 

50 
66 
5.6 

0.9U 

590 

0.52 

0.5 

Unknown  factors 

r25 

r25 

/l/  Kilocalories.  These  values  represent  the  approximate  amount  of  food  energy  available  to  and  capable  of 
use  from  the  food  absorbed.  /2/  Cellulose.  /5/  Casein.  /U/  Sucrose.  /5/  Glucose.  /6/  Com  oil.  /7/  Lard. 
/8/  0.0006  mg  3-carotene  =  one  l.U.  /9/  As  A  and  D  oil  (5000  I.  U.  A,  UOO  I.  U.  D  per  gram).  /lO/  As  A  and 
D  oil  (1200  I.  U.  A,  and  170  I.  U.  D  per  gram).  /ll/  Probably  not  required  in  short-term  experiments  with 
offspring  from  well  nourished  mice.  /12/  Possibly  not  required  in  diets  of  ordinary  composition.  /15/  A  gen- 
eric term  including  cyancobalamln  (vitamin  Bj^)  and  its  hydrogenation  product  (known  variously  as  Bj^ja  °^ 
Bl2b)  which  has  approximately  the  same  biological  activity.  /lU/  O.OU  mg  =  toinimum  requirement.  /15/  0.025 
\ig,  calciferol  =  one  I.  U.  /16/  A  generic  term  for  alpha-,  beta-,  delta-,  and  gamma-tocopherols.  /l7/  Folic 
acid  is  not  a  chemical  entity,  buta  generic  term  for  pteroylglutamic  acid  (folacin),  vitamin  M,  vitamin  B,,, 
factor  U,  L.  casei  factor,  Norite  eluate  factor.  /18/  The  ant i -hemorrhagic  factor.  A  generic  term  for  vi- 
tamin Kj^  (2-methyl-5-phytyl-l,U-naphthoquinone) ,  synthetic  vitajmin  K  (menadione  =  2-methyl-l,U-naphthoquin- 
one)  and  vitamin  Kg  (2-methyl-5-difarnesyl-l,U-naphthoquinone) .  /19/  The  term  is  used  here  as  a  generic 
term  for  nicotinic  acid  (niacin)  and  nicotinic  acid  amide  (nicotinamide);  also  for  pellagra  preventive 
(p.  P.)  factor,  anti-blacktongue  factor.  /20/  Response  to  nicotinamide  inversely  proportional  to  trypto- 
phan content  of  diet.  /2l/  As  calcium  pantothenate.  /22/  Includes  pyridoxine,  pyridoxal,  pyr Idoxamlne . 
/25/  1:20  Uver  extract. 
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43o     DAILY  NUTRIENT  ALLOWANCES:    SHEEP 

Values  are  approxljnatlons     to  adequate     allovances,   Intended  to  provide  a  safe     margin 

above  minimum     requirements  where  known.        Presentation 

of  values 

in  terms  of     per  kg 

body  weight  per  day"    Is  for  purposes rf  comparison  of  species,   and 

iocs  not   necessarily 

imply  a  close     correlation  between     nutrient  need  and  body  weight 

within  the 

species. 

For  diets  that   supply     these  nutrient     allowances,   see 

table    50, 

Diets:        Laboratory    | 

and  Domestic  Animals. 

1 

Required   (R) 

— ^^  Specifications 
Nutrlents^-.,...^^ 
per  kg  body  ^^^^...^^ 
weight  per  day      ^^^^ 

Young 

Half -grown 

Mature 

crj25  k« 

cfV}6  kg 

cf959  kg 

d^79  k« 

Growth 

[■lain- 
tenance 

Pregnancy 

Lactation 

Main- 
tenance 

(a)                   1 

(B) 

(C) 

(D) 

(E) 

(Fl 

(5) 

1 

Water 

60 

50 

62 

62 

92 

69 

2 

Caloriesl,  metabollzable  95 

101 

60 

70 

85 

60 

3 

Total  feed^,  g 

11 

".5 

29 

52 

57 

26 

l< 

Residue 

Protein',  g 

i.h 

2.9 

1.6 

1.8 

2.5 

1.5 

i 

Carbohydrate 

21 

22 

lU 

16 

19 

12 

1 

Fat 

0.65 

0.62 

0.59 

0.50 

0.65 

0.55 

8 
9 

"Essential"   fatty  acids 

Vitamin  A,   epic,   as 

3- carotene**,  rag 

0.13 

0.12 

0.12 

0.15 

O.ll. 

0.12 

10 

Ascorbic  acid 

11 

Blotin 

12 

Choline 

15 

Cobalamin^,  ng 

1.7 

1.7 

1.7 

lU 

Vitamin  D,   calc.   as 

calciferol^,  jig 
Vitamin  E',   mg 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

15 

0.5 

0.3 

0.5 

0.3 

0.5 

0.3 

16 

Folic  acid  groupS 

17 

Inositol 

18 

Vitamin  K^ 

19 

Niaclni° 

?0 

Pantothenic  acld^l 

R 

21 

Para- ami no benzoic  acid 

22 

Pyridoxlne  eroup'-^ 
Rlboflavlnell 

R 

23 

R 

21. 
25 

Thlamlnell 

R 

Calcium,  mg 

110 

91* 

58 

75 

110 

50 

2t 

Chlorine,  mg 

150^2 

150^2 

150^^     15 

o.ooa-^-* 
o.2i5 

150^^    ,3 
0.002^^ 
0.2" 

150^^     ,5 
0.002^-' 
0.21't 

150^^    ,5 
0.001-^' 

0.2" 

27 

28 

Cobalt ,  mg 
Copper,  mg 

0.002 
0.2 

0.002 
0.2 

29 

Fluorine 

0.02^5 

50 

Iodine,  mg 

51 

Iron 

R 

R 

R 

R 

R 

R 

5Z 

Magnesium 

55 

Manganese 

Ji* 

Phosphorus,  mg 

90 

82 

'*5 

60 

80 

to 

y. 

Potasslian 

5« 

57 

Silicon 
Sodium,  mg 

100^2 

100^2 

IO0I2 

IO0I2 

100^2 

100^2 

58 

Sulfur 

59 

Zinc 

/I/  Klloceulories.  These  values  represent  the  approximate  amount  of  food  energy  actually  avail- 
able to  and  capable  of  use  by  the  animal  from  the  food  absorbed.  If  P,  C,  and  F  represent  pro- 
tein, carbohydrate  and  fat,  ingested  P,C,F  -  fecal  P,C,F  »  virtually  absorbed  P,C,F.  Grams  of 
virtually  absorbed  PxU  +  Cxh  +  Fx9  »  metabollzable  Calories.  These  values  are  approximate 
only.  The  value  for  protein  (=xl*)  allows  for  a  50^  loss  of  virtually  absorbed  Calories  in  the 
urine  (urea,  hippuric  acid,  etc.).  In  animal  husbandry^  and  in  this  table,  metabollzable  Cal- 
ories are  calculated  from  "T.  D.  N."  ("total  digestible  nutrients")  by  multiplying  grams  T.D.N. 
by  U.  /2/  Air-dried  (90^  dry  weight).  /V  Digestible.  /U/  0.0006  mg  (J-carotene  »  one  I.  U. 
/V  A  generic  term  Including  cyonocobalamin  and  its  hydrogenation  product  {known  variously  as 
Bi2a  *^  ^12bJ  which  has  approximately  the  same  biological  activity.  /6/  0.025  Mg  calciferol  - 
one  I.  U.  /?/  A  generic  term  for  alpha-,  beta-,  delta-,  and  gamna- tocopherols.  May  help  pre- 
vent muscular  dystrophy  In  lambs  and  may  be  needed  for  normal  reproduction.  /8/  Folic  acid  is 
Qot  a  chemical  entity,  but  a  generic  term  for  pteroylglutamlc  acid  (folacin),  vitamin  M,  vita- 
min Be,  factor  U,  L.  easel  factor,  Norlte  eluate  factor.  /9/  The  antl-hemorrhaglc  factor.  A 
generic  term  for  vitamin  Ki  (2-methyl-5-phytyl-l,U-naphthoquinone) ,  synthetic  vitamin  K  (mena- 
dione -  2-methyl-l,U-naphtnoqulnone),  and  vitamin  K 2  (2-methyl-:^-dlfarneayl-l,l*-naphthoquinoDeX 
/lO/  The  term  is  used  here  as  a  generic  term  for  nicotinic  acid  (niacin)  and  nicotinic  acid 
amide  ( nicotinamide);  also  for  pellagra  preventive  (P.  P.)  factor,  antl-blacktongue  factor, 
/ll/  Synthesized  by  rumlnal  bacteria,  but  young  lambs  may  need  supplements  in  diet.  /12/  Based 
on  1  lb/150  lb  body  weight/month.  /li>/  Based  on  about  0.1  mg/adult  sheep/day.  /l**/  Baaed  on 
10  mg  copper/adult  sheep/day.  /iV  Recommended  during  gestation  period  in  form  of  iodized  salt 
in  the  goiter  belt. 
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44. 

DAILY  NUTRIENT  ALLOWANCES 

:    SWINE 

Values  are  approximations  to  adequate  recpiirements  for  normal  grovrth,     health  and  productivity.       Presentation 

of  values 

In  terms 

of  "per  kg  body  weight  per  day" 

Is  for  purposes  of  comparison  of  species,     and  does  not 

aecessarily  In^ily  a  close  correlation  be-    i 

tween  nutrient  need  and  body  weight  within 

the  species.       For  diets  that  supply  these  nutrient  allowances,     see  table  50 

Diets: 

Required   (R);    Not  required   ()<) 

^"~-~,„_^  Specifications 

Rutrlents"~-~.„^ 

per  kg  body  ^^^--..^^ 

Youngl 

Half- grown 

Mature 

^^^-^,^__^  Specifications 

Hutrients^-.^^^^ 
per  kg  body  ^■^-^....^^ 

Young -^ 

Half-grown 

Mature               | 

<«68  kg 

c«113  kg 

t«227  kg 

9205  kg 

<^68  kg 

cf9llj  kg 

rf9227  kg 

9205  kg 

Growth 

Breed  Ingi' 

Lactation 

Growth 

Breeding^ 

Lactation 

weight  per  day      ^^^-^ 

Pregnancy 

weight  per  day      ^^-^..^ 

Pregnancy 

(a) 

(Bl 

(C) 

(l>) 

(e) 

(A) 

(B) 

(Cl 

(D) 

(E) 

1  Water 

50 

Pantothenic  acid,  mg 

0.U5 

0.54 

0.15 

0.27 

2  Calories^.nEtabollzdsIe 

3  Total  feed',   g 

IhO 

100 

1*5 

80 

k'y 

55 

15 

28 

21 

Para-aminobenzolc  acid'' 

U  Residue 

22 
25 

Pyridoxlne  grouplS,  mg    <0.11 

5  Protein'',   g 

6  Carbohydrate 

5.9 

1>.0 

2.1 

5.9 

Jlf 
25 

Thiamine,   mg 

0.05 

o.ou 

0.02 

0.05 

Calcium,   mg 

250 

ISO 

85 

150 

1   Fat 

R 

R 

r 

R 

8  "Essential"   fatty  acl 

ds 

57 

Chlorlnel5,19,   mg 

UO 

100 

40 

80 

9  Vitamin  A,    calc.  as 

Copper^O 

R 

R 

R 

R 

P-carotene5     mg 
LO  Ascorbic  acldo 

0.01*55 

O.OU55 

0.09 

0.16 

29 

FluorlneO 

^ 

>» 

f 

f^ 

50 

Iodine,   Mg 

<U 

<u 

<A 

<h 

U  Blotln? 
12  Choline'' 

51 

Iron 

R 

R 

R 

R 

"  i« 

52 

Magnesium 

R 

R 

R 

R 

1}  Cobalamln",    [ig 

0.5^° 

plO 

rIO 

rIO 

55 

Manganese 

R 

R 

R 

R 

Lit  Vitamin  D,   calc.  as 

54 

Phosphorus,   mg 

150 

110 

50 

90 

calciferol-'-'-,   iig 
L5  Vitamin  E^ 

%ll 

0.17 
r13 

0.08 

f15 

O.lU 
rI-5 

55 
^6 

Potassium,  mg 
Silicon^ 

50-100 

50-100 

50-100 

50-100 

L6  Folic  acid  group^ 

r15 

57 

Sodium^9,   ng 

90 

65 

53 

55 

17  Inositol 

54 

Sulfuro 

le  Vitamin  K^'^^ 

W 

Zinc 

R 

R 

R 

R 

L9  Nlaclnl7,   nig 

0.5 

0.57 

0.17 

0.51 

/l/  30-55^  mature  weight.  /2/  Kllocalorles .  These  values  represent  the  approximate  amount  of  food  energy  actually  available  to  and 
capable  of  uae  by  the  animal  from  the  food  absorbed.  If  P,  C,  and  F  represent  protein,  carbohydrate  and  fat,  Ingested  P,C,F  -  fecal 
P,C,F  =  metabollzable  Calories.  These  values  are  approximate  only.  The  value  for  protein  (=xU)  allows  for  a  3O56  loss  of  virtually 
absorbed  Calories  In  the  urine  (urea,  hlppuric  acid,  etc.).  In  animal  husbandry,  and  In  this  table,  metabollzable  Calories  are  calcu- 
lated from  "T.  D.  N."  ("total  digestible  nutrients")  by  multiplying  grams  T.  D.  ».  by  l».  /}/  Air-dried  (90^  dry  weight).  /U/  Crude 
protein.  /5/  O.OOO6  mg  p-carotene  =  one  I.  U.  A  value  of  O.09  n^/kg  body  weight  per  day  has  been  suggested  for  growth  of  swine.  /6/ 
Supplement  to  natural  ration  not  necessary.  /7/  Synthesized  by  intestinal  florai  /8/  Baby  pigs  require  0.1^  choline  in  diet.  /$/  A 
generic  term  Including  cyanocobalamln  (vitamin  Bj2),  and  its  hydrogenatlon  product  (known  variously  as  Bi2a  *•>*  ^12\>)  which  has  ap- 
proximately the  same  biological  activity.  /lO/  Heeessary  for  growth  and  reproduction.  /ll/  O.C25  ug  calciferol  =  one  I.  U.  /l2/  A 
generic  term  Including  alpha-,  beta-,  delta-,  and  gamma- tocopherols.  /15/  For  proper  muacular  nutrition.  /ik/  Folic  acid  is  not  a 
chemical  entity,  but  a  generic  term  for  a  group  of  factors  including  pteroylglutamlc  acid  (folacin),  vitamin  M,  vitamin  Be,  factor  U, 
L.  easel  factor,  and  Norlte  eluate  factor.  /15/  Swine  synthesize  most  if  not  all  they  need.  /16/  The  antl-hemorrhagic  factor.  A  gen- 
eric term  Including  vitamin  Ki  (2-methyl-5-phytyl-l,U-naphtho<iulnone),  synthetic  vitamin  K  (menadione  =  2-methyl-l,U-naphthoquinone), 
and  vitamin  Kg  (2-methyl-}-dlfameByl-l,l>-naphthoqulnone) .  /17/  The  term  le  used  here  as  a  generic  term  including  nicotinic  acid  (ni- 
acin) and,  nicotinic  acid  amide  (nicotinamide);  also  for  pellagra  preventive  (P.  P.)  factor;  and  anti-blacktongue  factor.  The  require- 
ment may  be  uncertain  since  it  depends  on  the  protein  Intake.  /18/  Includes  pyridoxlne,  pyrldoxal,  and  pyridoxamlne .  /19/  In  NaCl. 
/20/  Copper  requirement  approximately  yf>  Iron  requirement. 
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45 

.     DAILY  NUTRIENT  ALLOWANCES: 

CHICKEN 

Values  ore  approximatlone  to  adequate  requirements  for 
"per  kg  body  velght  per  day"   is  for  purposes  of  conparl 
nutrient  need  and  body  weight  within  the  species.        For 
Laboratory  and  Domestic  Animals. 

normal  growth,   health  and  productivity.  Presentation  of  values   in 

son  of  species,   and  does  not  necessarily  iJnply  a  close  correlation 

diets  that  supply  the  allowances  In  these  columns,      see  table  50, 

terms  of 

between 

Diets : 

^\     Specifications 

Nutrients     ^\^ 
per  kg  body        \^ 
weight  per  day       \^ 

Single  Comb  White  Leghorn 

Rhode   Island  Red 

Young 

Half- grown 

Mature 

Young 

Half- grown 

Mature 

3-U  wk 

10-12  wk 

36-52  wk 

3  wk 

11-12  wk 

}6-52  wk 

d^0.25kg 

c(90.91  kg 

91.82  kg 

d^O.23  kg 

d^l.25  kg 

52.5  kg 

Growth 

Growth 

Main- 
tenance 

Laying 

Breeding 

Growth 

Growth 

Main- 
tenance 

Laying 

Breeding 

(A) 

(B) 

(C) 

(D) 

(E) 

(y) 

(a) 

(H) 

(I) 

(J) 

(K) 

1 

a 

5 

U 

5 

Water,     ml 

Calories'*,  metabolizabl 
Total  feed,   g 
Residue,   g 

575^ 
;  300 
132 
5 

2002 

78 

11 0^ 

150 

59 

ilo5 
150 
60 
3 

iio' 

150 

60 

5 

575^ 

12k 
6 

lUO^ 
80 

805 

55 
5 

80? 

50 

5 

8o3 
50 

Protein^,   g 

26.0 

12.5 

6.0 

9.0 

9.0 

21t.O 

12.7 

? 

7.1. 

7.1. 

7 

a 

9 

ic 

Carbohydrate,   g 

Fat6,   g 

"Essential"   fatty  acid 

50 
5.0 

1.6 

1.0 

25 
1.2 

25 
1.2 

70 
5.2 

52 

1.5 

18 
1.0 

25 
1.0 

1.0 

Vitamin  A,   calc.  as 

3- carotene*^,  mg 
Ascorbic  acid° 

0.21 

0.12 

? 

0.16 

0.16 

0.20 

0.13 

7 

0.13 

0.15 

11 

12 

1} 

lU 
15 

Blotin,  |ig 
Choline,   mg 

Vitamin  D,    calc.   as 

cryst.   DjlO,  jig 
Vitamin  eH,   mg 

12 
175 
1.2 

0.66 
2.6 

7 
111 

0.58 
l.U 

? 

8 
56 

0.75 

7 
56 
0.2 

0.75 

11 
165 
1.2 

0.62 
2.8 

7 
105 

o.uo 
1.5 

7 

7 
50 

0.62 

6 
50 
0.2 

0.62 

16 
17 
18 
19 
20 

Folic  acid  group-^,   mg 
Inositol^ 
Vitamin  K^i ,  |ig 
Niaclnl^'*,   mg 
Pantothenic  acid,  mg 

0.07 

52 
3.5 
1.23 

O.Olt 

28 
1.1 
0.73 

0.22 

0.015 
0.28 

0.021 

O.U5 
0.55 

0.07 

55 
5.3 

1.15 

0.01. 

26 
1.0 
0.71. 

0.01 
0.25 

0.02 
0.1.6 

21 
22 
23 
21t 
25 

26 
27 
2£ 
29 
30 

Para-aminobenzoic  acid 
Pyridoxine  group^5^   Qg 
Rlboflavine,   mg 
Thiamine,   mg 
Calcium,   mg 

3 

0.38 
0.38 
0.2lt 

1320 

0.2U 
0.11» 
0.11 
781 

7 
7 

395 

0.17 
0.15 

1550 

0.17 
0.25 

1550 

0.56 
0.56 
0.22 
121*0 

7 
O.IU 
7 
800 

7 
7 

O.IU 
0.11 

1130 

O.ll* 
0.19 

1130 

Chlorine,  mg 
Cobaltlo 
Copper,   Dg 
Fluorine** 
Iodine,   mg 

It  00 
0.26 
0.14 

220 
0.22 
0.03 

118 

160 
0.05 

160 

0.07 

1*25 
0.28 
0.11. 

210 

0.20 
0.03 

109 

luo 

0.02 

luo 
0.05 

}1 
32 
53 
51. 
55 

Iron^*^,   mg 
Magnesium,   mg 
Manganese,   mg 
Phosphorus,   mg 
Potassium,  mg 

2.5 

64 

7.3 
793 
265 

2.2 
29 

1*75 
12U 

7 

565 

2.0 

563 

5.5 

60 
6.8 
71.1. 
21.7 

1.7 
7 
7 

1.80 

130 

7 

500 

1-7 
JOO 

36 
37 
38 
3S 

Silicon 
Sodium,  mg 
Sulfuric 
Elnc 

261. 

IM* 

78 

102 

102 

280 

130 

90 

90 

/l/  Based  on  3.)  gal  per  100  chicks  dally.  /2/  Based  on  I..7  gal  per  100  chicks  daily.  /3/  Based  on  1..8  gal  per  100  hens  daily,  /h/ 
Kilocalorles.  These  values  represent  the  approximate  amount  of  food  energy  actually  available  to  and  capable  of  use  by  the  anljnal 
from  the  food  absorbed.  /5/  Crude.  /6/  Based  on  2.51t  fat  in  ration  of  mash  and  scratch.  /7/  O.OOO6  mg  g-carotene  =  one  I.  U.  /8/ 
Presumably  utilized  but  not  required  In  diet.  /9/  A  generic  term  including  cyanocobalamln  (vitamin  B^g)  and  its  hydrogenation  product 
(known  variously  as  Big,,  or  Bjgb)  which  has  approximately  the  same  biological  activity.  /lO/  0.025  ug  crystalline  Di  (7-dehydrochole- 
terol)  .  one  International  Chick  Unit.  The  chicken  utilizes  Dg  poorly,  /ll/  A  generic  term  for  alpha-,  beta-,  delta-,  and  ganma-to- 
copherols.  /12/  Folic  acid  is  not  a  chemical  entity,  but  a  generic  term  for  pteroylglutamic  acid  (folacin),  vitamin  M,  vitamin  B,,, 
factor  U,  L.  OBsel  factor,  Norlte  eluate  factor.  /13/  The  antl-hemorrhagic  factor.  A  generic  term  for  vitamin  K^  (2-methyl-5-phytyl- 
l.lt-naphtfaoqulnone),  synthetic  vitamin  K  (menadione  -  2-methyl-l,l.-naphthoqulnone) ,  and  vitamin  Kg  (2-methyl-3-dlfamesyl-l,l.-naphtho- 
qulnone).  /l^/  The  term  Is  used  here  as  a  generic  term  for  nicotinic  acid  (niacin)  aM  nicotinic  acid  amide  (nicotinamide);  also  for 
pellagra  preventive  (P.  P.)  factor,  antl-blacktongue  factor.  /15/  Includes  pyridoxine,  pyrldoxal  and  pyrldoxamlne.  /16/  Required 
only  in  form  of  cobalaoin.     /17/  25  ppm  of  feed  considered  optljmjm.     /18/  Required  only  In  form  of  methionine  or  cystine. 
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46. 

DAILY  NUTRIENT  ALLOWANCES:    TURKEY 

Values  are  approximations 

to  adequate  requirements  for  normal  growth,  health  and  productivity. 

^esentatior 

of  values 

in  terms  of  "per  kg  body 

weight  per  day"    is  for  pxirposes  of  comparison  of  species,     and  does  not  necessarily  Imply  a  | 

close  correlation  between 

nutrient  need     and  body  weight  within     the  species.        For  diets  that 

supply  these  nutrient   j 

allowances,   see  table  50, 

Diets:      Laboratory  and  Domestic 

Animals. 

1 

Brpad-breasted  Bronze  Turkeys 

Broad-breasted  Bronze  Turkeys 

^\^  Specif  1  cations 

^\^  Specifications 

Nutrients     ^s. 
per  kg  body      ^^^ 
weight  per  day      ^^^ 

Yoiing 

Half -grown 

Mature 

Nutrients  ^s,^ 
per  kg  body      \. 
weight  per  day      \^ 

Young 

Half-grown 

Mature 

8-9  wk 

16  wk 

^0-52  wk 

C-9  wk 

16  wk 

40-52  wk 

cr92  kg 

9h  ]LSicf6  kg 

98  kg 

rf?2  kg 

?U  kg;d6  kg 

98  kg 

Growth 

Breeding 

Growth 

Breeding 

(a) 

tn) 

Ic) 

fD) 

Lbl 

fBi 

(Cl 

fD) 

1 

Water 

'X 

Pantothenic  acid,  mg 

0.83 

0.62 

0.1*2 

2 

Calories,   metaboll zable 

^ 

Total  feed,   g 

75 

52 

52 

u 

Fara-amlnobenzolc  acid 

U 

Residue 

Pyridoxine  group^,   mg 
Riboflavine,   mg 
Thiamine 

0.26 
0.28 

0.09 

0.11 

5 
6 

Protein   ,   g 
Carbohydrate 

21 

10.5 

U.8 

>li 
3« 

Calcium,   g 

1.5 

l.OU 

0.72 

1 

Fat,   g 

2.1 

2.0 

1.5 

e 

"Essential"   fatty  acids 

It 

Chlorlne^O.ll  g 

0.22 

0.15 

0.10 

>1 

Cobalt 

9 

Vitamin  A,   calc.   as 

?E 

Copper 

3 -carotene^,  mg 

0.2U 

0.17 

0.10 

?S 

Fluorine 

10 

Ascorbic  acid 

5C 

Iodine,  mg 

0.06 

0.06 

0.05 

Ll 

Biotin 

51 

Iron 

L2 

Choline,  mg 

125 

52 

Magnesium 

L? 

Cobalamin' 

53 

Manganese,  mg 

U.l 

1.1 

Lit 

Vitamin  D,   pale,   as 

cryst.   D,^,  ns 
Vitamin  E? 

i>* 

Phosphorus^,   g 

0.75 

0.52 

0.2U 

1.7 

1.2 

0.7 

K 

Potassium,  g 

0.10 

0.10 

0.05 

L": 

^ 

Silicon 

L6 

Folic  acid  group  ,   mg 

0.07 

0.2 

57 

SodlumU,    g 

0.17 

0.10 

0.06 

n 

if 

Inositol 
Vitamin  K^ 

0.10 

5t 
5S 

Sulfur 
Zinc 

19 

Niacin",    mg 

3.7 

/I/  Crude.  /2/  O.OOO6  mg  p-csurjtene  =  one  I.  U.  /?/  A  generic  term  including  cyancobalamln  (vitamin  ^12^,  and  its  hy- 
drogenation  product  (known  variously  as  Bi2a  °^  ^lab'  >'''i<=''  ^^^  approximately  the  same  biological  activity.  /U/  0.Ce5 
Hg  crystalline  D5  (7-dehydrochole8terol)  =  one  I.  U.  /5/  A  generic  tern  for  alpha-,  beta-,  delta-,  and  gamna-tocoi^erols. 
/6/  Folic  acid  is  not  a  chemical  entity,  but  a  generic  term  for  pteroylglutamlc  acid  (folacin),  vitamin  M,  vitamin  B_, 
factor  U,  L.  easel  factor,  Norlte  eluate  factor.  /7/  The  anti-henorrhaglc  factor.  A  generic  term  for  vitamin  K^  (2- 
methyl-}-phytyl-l,lt-naphthoquinone),  synthetic  vitamin  K  (menadione  =  2-methyl-l,l»-naphthoqulnone)  and  vitamin  Ko  (2- 
methyl-}-dlfamesyl-l,U-naphthoquinone).  /8/  The  term  is  used  here  as  a  generic  term  for  nicotinic  acid  (niacin)  and 
nicotinic  acid  amide  (nicotinamide);  also  for  pellagra  preventive  (P.  P.)  factor,  antl-blacktongue  factor.  /9/  Includes 
pyridoxine,  pyridoxtil,  and  pyrldoxamine .  /lO/  Represents  chlorine  added,  as  NaCl,  to  the  diet,  in  addition  to  any  CI 
present  in  association  with  other  nutrients.  /n/  Chlorine,  rather  than  sodium,  may  be  the  limiting  factor  in  practi- 
cal poultry  feeds.  /12/  At  least  two-fifths  of  this  requirement  should  be  supplied  as  Inorganic  PO^.  /I5/  Represents 
sodium  in  added  NaCl  (cf  Fn  10). 
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47.     DAILY  NUTRIENT  ALLOWANCES: 

FISH 

Values  are  approximations  to  adequate  allowances.   Intended  to  provide 

a  safe  margin  above 

minimum  requirements  where  known.   Presentation  of  values   In  terms  of 

"per  kg  body  weight 

per  day"    Is   for  pxirposes  of  comparison  of  species,   and  does  not  necessarily  Imply  a  close                | 

correlation  between  nutrient  need  and  body  weight  within  the   species 

1 

Required   (R);   No  demonstrated  requirement    (jl)                                                               1 

^■^ — ..^^SpeclfloatlonB 
WUtrlentS^^.*,,,^ 
■per  kg  body  ^^^..^ 
weight  per  day      ^'■^-^ 

•Erout^ 

Salmon'-'^                             | 

Brook 

Brown 

Cutthroat 

Rainbow 

Chinook 

^iim 

SUver 

Sockeye 

rAi               1 

(■b) 

(c) 

(■D) 

M 

m 

fG^ 

(e) 

fl) 

a 

Colorlos,  metabollzal 

)le 

£ 

Total  feed,  g 

7 

1. 

Besidue 

Protein 

C 

Carbohydrate',  g 

1.0-5.0 

1.0-5.0 

1.0-5.0 

1.0-5.0 

1.0-U.O 

1.0-5.0 

1.0-5.0 

6 

Pat 

7 

"Essential"  fatty  aoldfl 

Vltjimln  A 

BT 

R? 

R? 

E7 

R7 

E7 

R7 

R7 

S 

Ascorbic  acid,  mg 

E? 

R? 

R? 

20-W* 

B? 

E7 

E7 

R7 

ic 

Blot  In,  )ig 

10-26 

U3-76 

E? 

15-26 

E 

B? 

R7 

R 

11 

Choline,  mg 

K? 

B7 

R? 

k-a^ 

E7 

R7 

R7 

R7 

12 

Cobalamln^ 

B? 

E7 

R? 

E7 

E 

B7 

R7 

R 

13 

Vltnraln  D 

B? 

E? 

E? 

Ik 

Vitamin  E                , 

E? 

R? 

E7 

* 

R7 

E7 

E7 

R7 

15 

Folic  acid  group°,  mg  0.1-0.2 

0.1-0.2 

E7 

0.1-0.2 

R? 

1^ 

Inositol,  mg 

B 

R 

R7 

20-Uo'* 

R7 

R7 

n 

Vitamin  K 

3-1*8 

i£ 

Niacin^,  mg 

3-lf 

3-h 

E7 

B7 

IS 

Pantothenic  acid,  mg' 

1-1.5 

1-1.3 

E7 

1-1.3 
8-16"^ 

E 

B? 

E 

B 

2C 

Para-anlnobenzolc,  nn 

• 

23 

Pyrldoxlne  group9,  mg  0.2-0.3 

0.2-0.5 

E7 

0.2-0.3 

R7 

R7 

2£ 

Riboflavlne,  mg 

O.lf-0,7 

O.U-0.7 

R7 

0.l*-0,7 

R7 

E7 

R? 

23 

2k 

Thiamine,  mg 

0.1-0,2 

0.1-0,2 

R 

0.1-0.2 

B 

E7 

R 

R 

Calcium 

25 

Chlorine 

26 

Cobalt 

27 

Copper 

2E 

Fluorine 

2S 

lOdlTW 

R 

R 

R7 

R 

3C 

Iron 

51 

Magnesium 

3S 

Jtonganese 

33 

Phosphorufl 

3U 

Potassium 

35 

Silicon 

36 

Sodlun 

37 

38 

Sulfur 
Zinc 

/l/  Fresh  water.  /2/  Salt  water,  /j/  Recommended  maximum  levels  to  feed,  /k/  Calc.  from  food  Intake 
per  day  and  assumed  average  body  wel^t  of  U-months-old  flngerllng  trout  (McLaren  et  al  'hT).  /5/  A 
generic  term  Including  cyanocobalamln  (vitamin  ^^2^  and  Its  hydrogenatlon  product  (known  variously  as 
Bi2a  "'"  Bl2b^  which  has  approximately  the  same  biological  activity.  /6/  Folic  acid  Is  not  a  chemical 
entity,  but  a  generic  term  for  pteroylglutamlc  acid  (folacln),  vitamin  M,  vitamin  B^,,  factor  U,  L.  easel 
factor,  Norlte  eluate  factor.  /7/  The  term  is  used  here  as  a  generic  term  for  nicotinic  acid  (niacin) 
and  nicotinic  acid  amide  (nicotinamide);  also  for  pellagra  preventive  (P.  P.)  factor,  eintl-blacktongue 
factor.  /8/  Only  0.08-0.4  mg  according  to  McLaren  et  al  '47.  /9/  Includes  pyrldoxlne,  pyrldoxal  and 
pyridoxamine. 
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50.     DIETS:    LABORATORY  AND  DOMESTIC  ANIMALS 

Diets  have  been  selected  from  a  large  number 

of  possible  diets.  They  are  not  necessarily  optimal,  nor  do  they 

suit  all  ingrartant  conditions  and  feeding  purposes.   Consult  texts  on  feeding  (see  biblio.)  for  more  detailed 

information.  Unless  otherwise  indicated,  values  In  col.  E  are  grams/lOO  g  (or  Ib/lOO  lb)  of  ration. 

Body 

Daily  Food 

Species 

Weight 

Intakel 

mo 

kg 

g/kg  body  wt 

g/100  g 

(a; 

(B) 

(C)  __ 

(D) 

(E) 

Cattle,  Beef 

Normal  growth 

227 

28 

Alfalfa  hay,  71;  barley,  ll*.3;  com,  yellow,  lit.}. 

272 

1-58 

Diet  I:   Alfalfa  hay,  13.2;  corn  silage,  1*3;  corn. 

59;  cottonseed  meal,  1*.5. 

5 

Fattening  calf 

11-58 
III-27 

Diet  II:   Prairie  hay,  15.1;  corn  silage,  kk;    com, 
56;  cottonseed  meal,  7.'*;  CaCOj,  0.2. 
Diet  III:  Vetch  and  oat  hay,  5e;  beet  pulp,  molasses, 
21*.};  barley,  36;  cottonseed  meal,  3.1. 

56} 

25 

Oat  hay,  moderately  green,  25;  alfalfa  hay,  10;  bar- 

Yearling steer 

ley,  30;  beet  pulp,  molasses  dried,  20;  molasses. 

10 

cane,  10;  cottonseed  meal  (1*1^  protein),  5. 

1*08 

1-23 

Diet  I:  Alfalfa  hay,  19.8;  oat  hay,  80. 

11-22 

Diet  II:  Com  fodder,  1*9;  barley  straw,  25;  alfalfa 

Wintering  pregnant  cow 

III-W* 

hay,  25. 

Diet  III:   Com  silage,  69;  oat  straw,  27;  cottonseed 

15 

meal  {klf   protein),  U.l. 

Cattle,  Dairy                                       | 

Calf 

U5 

120 

Whole  milk,  100. 

272 

1-25 

Diet  I:  Mixed  legume-grass  hty,   66;  oats  (com  or 

barley),  3^. 

Heifer 

11-31 

Diet  II:  Alfalfa  hay,  100. 

20 

III-25 

Diet  III:  Timothy  hay,  66;  barley,  13;  limestone, 
0  U 

IV-i*6 

Diet  IV:  Alfalfa  hay,  UO;  com  silage,  60. 

635 

1-50 

Diet  I:  Alfalfa,  75;  barley,  25- 

11-53 

Diet  II:   Timothy  hay,  19.1;  corn  silage,  58;  corn 

25 

Mature  lactatlng  cow 

III-55 

and  cob  meal,  l6.3;  soybean  meal,  6.8;  limestone,  0.}. 
Diet  III:  Alfalfa  hay,  29;  com  silage,  70.7;  steamed 
bone  meal,  0.3. 

Chicken,  Germ-free                                      | 

1 

0.11 

ll»0 

Casein,  25;  gelatin,  10;  L-cystlne,  0.2;  corn  oil,  6; 

corn  starch,  1*5;  lactose,  h;   whole  liver  powder  (pork). 

50 

cf9Bantajii 

2;  yeast  extract,  2;  vitamin  A  esters,  UOO  I.  U.; 
ascorbic  acid,  0.2;  vitamin  Dj,  50  A.  0.  A.  C.  units; 
tocopherol,  0.025;  2-methyl-l,'t-naphthoquinone,  0.005; 
thiamine  Cl.HCl,  O.OO6;  riboflavlne,  0.003;  calcium 
pantothenate,  0.02;  nicotinamide,  0.05;  choline  CI, 

55 

0.2;  pyridoxine  CI,  0.002,  i-inositol,  0.1;  biotin, 
0.00001;  folic  acid,  0.001;  CaCOj,  1.5;  CaHPQij,  0.28; 
KsiliUt,   1;  NaCl,  0.25;  KI,  5.lS;  MgS0u.7H20,  0.07; 
FeC6H507,  0.}8;  CUSO4.5H2O,  0.02;  CaCl2.6H20,  0.025; 
ZnS0i,.7H20,  0.005;  NagBuOy.lOHoO,  0.025;  AlK(S0u)2- 

tu 

12H2O,  O.OOU. 

dWhite  Leghorn 

1 

0.22 

80 

Same  diet  as  beuitam. 

Chicken,  Rhode  Island  Red 

0.7 

0.25 

lUO 

Corn,  ground  yellow,  1*9;  standard  wheat  middlings,  10; 

alfalfa  meal  (75,000  or  more  I.  U.  of  vitamin  A  per 

lb),  5;  soybean  oil  meal,  20;  fish  meal,  k;   meat  meal, 

t5 

cr$Young 

1*;  steamed  bone  meEd,  1;  ground  limestone,  1;  dried 

whey,  5;  salt,  0.5;  vitamin  A  and  D  feeding  oil,  0.1 

(oil  contains  500  International  Chick  Units  vitamin  D, 

1500  I.  U.  vitamin  A  per  gram);  plus  anhydrous  MnSOij, 

0.0125  g  per  100  g  feed. 

/l/  The  numerals  I,  II,  III,  IV  occurring  occasionally  in  column  D,  refer  to  alternative  dietairy  mixtures  whose  com- 
positions are  given  in  column  E. 
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50.     DIETS:    LABORATORY  AND  DOMESTIC  ANIMALS  (Continued) 

Diets  have  been  selected  from  a  large  number  of  possible  diets.  They  are  not  necessarily  optimal,  nor  do  they 
suit  all  lii5»rtant  conditions  and  feeding  purposes .  Ckjnsult  texts  on  feeding  ( see  blbllo . )  for  more  detailed 
Information.     Unless  otherwise  Indicated,   values  in  col.  E  are  graas/lOO  g  (or  Ib/lOO  lb)  of  ration. 


Species 


Age 


Body 
Weight 


kg 


IcT 


Dally  Food 
Intakel 


g/kg  body  vt 


HE 


Diet 


g/100  g 


HI 


lEL 


HE 


Chicken,  Rhode  Island  Red   (concluded) 


5C 


K 


d^Half -grown 


2.1 


1.25 


67 


Com,   ground  yellow,  hi;    standard  wheat  middlings,   15; 
vrtieat  bran,   10;    alfalfa  meal,   5   (meal  contains  75>000 
or  more  I.   U.   of  vitamin  A  per  lb);    soybean  oil  meal, 
17;   dried  whey,   2;    steamed  bone  meal,   2.5;   ground 
limestone,   1;    salt,   0.5;    vitamin  A  and  D  feeding  0ll2, 
0.1;   plus  anhydrous  MnSOjj,  0.0125  g  per  100  g  feed. 


7. 2-10. Ik 


2.5 


1*5 


5C 


9Mature,  breeding 


Com,  ground  yellow,  h^;  standard  wheat  middlings,  15; 
wheat  bran,  10;  alfalfa  meal,  5  (meal  contains  75,000 
or  more  I.  U.  of  vitamin  A  per  lb);  soybean  oil  meal, 
U;  fish  meal,  k;  meat  meal,  k;  dried  whey,  h;  steamed 
bone  meal,  1;  ground  limestone,  5-5;  salt,  0.5;  vita- 
min A  and  D  feeding  oll^,  0.3;  plus  anhydrous  MnSOU, 
0.0125  g  per  100  g  feed. 


Dog 


s; 


Young 


h.^ 


53 


Meat,  meat  by-products  including  bone,  or  fish,  20; 
soybean  meal,  wheat  germ,  com  germ,  or  nut  meal,  20; 
com,  wheat,  or  barley,  50;  carrots,  beet  by-products, 
or  tomato  by-products,  2-5;  iodized  salt,  0.24-0.5; 
milk,  liver  meals,  or  fermentation  solubles,  q.s.; 
fish  liver  oils  and  irradiated  yeast,  q.s. 


rc 


R 


3C 


15.6 


1-22 
11-22? 


Adult 


Diet  I:  Same  as  foregoing  diet  for  young  dog. 
Diet  II  (a  basic  purified  diet):  Casein,  vitamin- 
free,  10;  dextrose,  15;  dextrin,  8;  lard,  6;  salt  mix- 
ture. Wesson  '52,  0.8  (composed  of:  NaCl,  10.5;  KCl, 
12;  KHpPOU,  }1;  Ca3(P0U)2»  1'».9;  CaCO,,  21;  MgSO),,  9; 
FePOii.fegO,  1.1*7;  MnSOlj,  0.02;  K2Al2(S0|j)ij.2l*H20, 
0.009;  CuS0ij.5H20,  0.059;  NaT,  0.057,  KI,  0.005);  agar, 
1.2;  distilled  water,  58.  To  each  1000  g  of  dry  In- 
grediants,  add  thiamine,  2.0  mg;  riboflavlne,  1.6  mg; 
nicotinic  acid,  16.O  mg;  calcium  pantothenate,  IJ.O 
mg;  pyrldoxlne,  1.0  mg;  choline,  1  g;  2-methyl-naph- 
thoquinone  (vitamin  K),  0.6  ng;  alpha  tocopherol  (vi- 
tamin E),  55  mg;  biotin,  0.6  mg;  folic  acid,  0.6  mg; 
vitamin  A,  50  g;  vitamin  D,  5  g;  vitamin  Bj^2>  ^  "&• 


Fish 


a 


?0 


K 


0.0001- 

0.002 


0.0-3 
3-9    0.002-0.05 


Fish,   trout,  brook, 
brown,   and  rainbow 


o.ooi* 


80-100  at 
10°  c5 


20-60  at 
10°  c5 


60  at 
10°  c5 


Diet  I**, 
Diet  II' 
Diet 


1*. 


{IP 


Beef  liver,  1*9;  pork  spleen,  1*9;  salt,  2. 
Beef  liver,  100. 
Beef  liver,  60;  horse  meat,  UO. 


Diet  I^:  Pork  or  beef  spleen  35;  beef  liver,  15;  salt, 
2;  fish  meal,  12;  wheat  middlings,  12;  dried  skim 
milk  or  distillers  solubles,  12;  cottonseed  meal,  12. 
Diet  11^:  Beef  liver,  33;  beef  spleen,  33;  horse 
meat,  31*. 

Diet  III*:  Cooked  carp  or  other  rough  fish,  1*5;  oat- 
meal j^2i_beef_J;l^erj_l^j_beef_or_£ork_s£leenj;_2^^ 


Diet  I:  Casein,  55;  gelatin  15;  crisco  or  lard,  9; 
potato  starch  (cooked),  8;  cellu  flour,  9;  minerals, 
U  (composed  of  U.S. P.  XII  salt  mixture  No.  2:  sodium 
chloride,  1.75  g;  magnesium  sulfate,  5-l*5  g;  sodium 
biphosphate,  5. 1*7  g;  potassium  phosphate,  9.5''  g;  cal- 
cium biphosphate,  5.''  g;  ferric  citrate,  I.18  g;  cal- 
cium lactate,  13  g  to  which  the  following  trace  ele- 


/l/  The  numerals  I,  II,  III,  IV  occurring  occasionally  in  column  D,  refer  to  alternative  dietary  mixtures  whose  ccib- 
positions  are  given  in  column  E.  /2/  See  item  1*5,  column  E  for  ccmposition.  /3/  Food  allowance  for  trout  is  in 
proportion  to  body  size  and  water  temperature  (the  larger  the  fish,  the  smaller  allowance  in  proportion  to  body 
weight  and  the  higher  the  temperature,  within  limits,  the  greater  the  allowance).  /U/  Hatchery  rearing  diet. 
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50.     DIETS:    LABORATORY  AND  DOMESTIC  ANIMALS  (Continued) 

Diets  have  been  selected  from  a  large  number 

of  possible  diets.  They  axe   not  necessarily  optimal,  nor  do  they 

suit  all  in^xsrtant  conditions  and  feeding  purposes.  Consult  texts  on  feeding  (see  biblio.)  for  more  detailed 

information.  Unless  othenrtse  Indicated,  values  in  col.  E  are  grams/lOO  g  (or  Ib/lOO  lb)  of  ration. 

Species 

Age 

Body 
Weight 

Dally  Food 
Intakel 

Diet 

mo 

kg 

g/kg  body  wt 

g/lOO  g 

(a; 

(B) 

(c) 

(D) 

(E) 

LOO 

Fish  (concluded) 

k 

o.ooi* 

60  at 

ments  have  been  added  per  100  g:  aluminum  chloride. 

10°  c5 

l8  mg;  zinc  sulfate,  357  mg;  copper  gluconate,  511  mg; 
manganous  sulfate,  80  mg;  potassium  iodide,  17  mg;  co- 
balt chloride,  105  mg);  vitamin  supplement  (composed 
of  the  following  per  100  g:  thiamine,  6  mg;  ribofla- 

105 

Fish,  trout,  brook, 
brown,  and  rainbow 
(concluded) 

vine,  20  mg;  pyridoxine,  U  mg;  choline,  800  mg;  para- 
aminobenzoic  acid,  UO  mg;  niacin,  80  mg;  calcium  psn- 
tothenate,  28  mg;  inositol,  UOO  mg;  blotin,  0.6  mg; 

folic  acid,  1.5  ng;  Bi2>  9  US',    alpha  tocopherol,  1*0 

mg;  vitamin  K,  U  mg;  vitamin  C,  200  mg;  vitamin  A  and 

110 

D,  cod-liver  oil  to  replace  same  amount  of  fat  in  or- 
iginal formula,  2ml);  water  added  at  the  rate  of  JOO 

115 

g  per  100  g  dry  ingredients. 

Horse 

Maintenance 

5M» 

16 

Oat  or  barley,  100. 

Medium  work 

5UJ» 

19- 

Timothy  hay,  65;  oats,  1};  corn,  21.8. 

Pregnant  mare 

5Wt 

18 

Alfalfa  hay,  18.9;  prairie  hay,  Uj;  oats,  38. 

Lactating  mare 

5UJ» 

21 

Timothy  hay,  32;  alfalfa  hay,  26;  oats,  UO. 

Growing  colt 

272 

23 

Timothy  hay,  U2;  alfalfa  hay,  l'».3;  oats,  22;  com, 

lU.J;  wheat  bran,  7.1. 

Monkey,  Rhesus  Juvenile 

1.5-5 

UO 

Sucrose,  71;  "de-vltamlnlzed"  casein,  I8;  corn  oil,  U; 

12C 

salt  mixture,  }  (canposed  of  CaCOi,  300  g;  KgHPOij,  U70 
g;  CaHPOlj,  680  g;  MgSOlt,  1°°  Si  "a^l,  67O  g;  KCl,  115 

g;  FeCgHZo,,  55  g;  KI,  1.6  g;  MnSO^.HoO,  9  g;  2sCU, 
U  g;  CuSOlt,  2.U  g;  CoClg,  0.2  g);  whole  liver  sub- 

stance, 2;  1.2  liver  concentrate  powder,  2.  To  each 

i?i 

Mature 

18  g  of  casein  add:   thiamine  hydrochloride,  55O  pig; 
pyridoxine  hydrochloride,  55O  lig;  nicotinamide,  2.5 
mg;  choline  chloride,  100  mg;  inositol,  100  mg;  para- 
amlnobenzolc  acid,  JO  mg;  calcium  pantothenate,  2  mg; 
rlboflavine,  }50  (ig;  folacln,  200  jjg;  biotln,  20  |ig; 

lii 

ascorbic  acid,  10  mg.  To  each  U  g  of  corn  oil  add: 
90)t  3-carotene,  90  (ig;  calciferol,  0.8  ^ig;  a-toco- 
pherol,  5  mg;  menadione,  100  (ig. 

Rabbit,  New  Zealand  White 

5 

68 

Casein,  20;  dextrin,  55;  cellulose,  15;  soybean  meal, 

10;  salt  mixture,  k   (composed  of  2.%   MnS0i,.UH20  and 

ly. 

Mature 

97.5^  of  the  Hubbel,  Mendel,  and  Wakeman  mixture, 
which  is  made  up  of  the  following  minerals,  g  per  U  g 
mixture:  Ca,  0.87;  Mg,  0.1*l8;  Na,  0.11;  K,  O.578;  P, 
0.201*;  s,  0.018;  Fe,  0.02;  I,  0.0002;  Mn,  0.005;  F, 
0.0018;  Al,  0. 000058;  Cu,  O.OOlU;  CI,  0.28);  yeast. 

140 

15;  A-D  mixture^,  1. 

Rat                                              1 

6 

0.18 

72.2 

Kale,  U.8;  apple,  11.9;  rat  laboratory  chow,  U8;  rab- 

bit pellets,  29;  carrots,  U.8;  peanut  butter,  2.0. 

/l/  The  numereilB  I,  II,  III,  IV  occurring  occasionally  in  column  D,  refer  to  alternative  dietsiry  mixtures  whose 
conqpositions  are  given  in  column  E.  /3/  Food  allowance  for  trout  !«  in  proportion  to  body  size  and  water  tenqjer- 
ature  (the  larger  the  fish,  the  smaller  allowance  in  proportion  to  body  weight  and  the  higher  the  teii5)erature, 
within  limits,  the  greater  the  allowance).   /5/  1200  I.  U.  vitamin  A  and  17O  I.  U.  vitamin  D. 
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50.     DIETS:    LABORATORY  AND  DOMESTIC  ANIMALS  (Continued) 

Diets  have  been  selected  from  a  large  number  of  poBsible  diets.  They  are  not  necesBarHy  optlnal,  nor  do  they 
suit  all  iii5»rtant  conditions  and  feeding  purposes.  Consult  texts  on  feeding  (see  blblio.)  for  more  detailed 
information.  Unless  otherwise  indicated,  valnes  in  col.  E  are  grams /lOO  g  (or  Ib/lOO  lb)  of  ration. 


Species 


lEL 


Age 


ISE 


Body 
Weight 


1^ 


nr 


Dally  Food 
Intakel 


g/kg  body  v/t 


HT 


Diet 


g/lOO  g 


HE 


Rat   (concluded) 


litS 


15c 


White 


1-6 


0.18 


58 


Casein,   55;    com  starch,   57;    lard,   15;   butter  fat,   9; 
No.   k  salt  mixture,  1*   (composed  of  CaCOj,   15'*. 8  g; 
NagCOj,    5"*. 2  g;   MgCOj,   24.2  g;    KgCO,,    l5l.5  g;    HjPOlt, 
105.2  g;    HCl,   55  g;    H2SO1.,   9.2  g;    citric  acid  HgO, 
111  g;    Fe  citrate  HgOx,   6.5  g;   KI,   0.02  g;   MnSOlj, 
0.079  g;    NaT,   0.2l*8  g;    K2Al2(S0^)^,   O.O2U5  g) .      To  in 
duce  rapid  growth  of  U  or  more  grams  per  day,   0,2-0.6 
g  of  yeast  and  20-30  g  of  fresh  lettuce  added  daily. 


Sheep 


Bred  eves,  first  100  days 
of  gestation 


1*5 


1-53 
11-55 

III-60 


Di6t  I:  Red  clover  hay,  U5;  timothy  hay,  55. 
Diet  II:  Prairie  hay,  57;  alfalfa  hay,  U5, 
Diet  III:   Soybean  hay,  l>h;    corn  silage,  66. 


155 


Ewes  in  lactation 


1*9 
54 
6k 


1-66 

11-51 

III-50 


Diet  I:     Com  silage,   55;   alfalfa  hay,   28;    linseed 

meal,   2.8;    barley,    15. 8. 

•Diet  II:  Corn  silage,  33;  linseed  meal,  1.6;  timothy 

hay,  2U.5;  alfalfa  hay,  50;  barley,  11.5. 

Diet  III:  Alfalfa  hay,  kk;   corn  silage,  55;  barley, 

21. 


L6C 


32 


Fattening  lambs 


1-120 

11-57 
III-U8 


Dl^t  I:     Barley  (com,   oats,   or  sorghum),  9.'*;   beet 
pulp,   wet,   71;    alfalfa  hay,   20.1. 

Diet  II:  Corn  (barley  or  sorghum),  1*2;  alfalfa,  58. 
Diet  III:  Cora,  52;  soybean  oil  meal,  5.9;  alfalfa 
hay,   52;   com  silage,   iO. 


Swine 


165 


17c 


175 


Swine 


1*5 


1-53 
11-55 

III -53 

IV-55 


Diet  1°:  Corn,  63;  oats,  15;  soybean  meal,  7.8;  mid- 
dlings, 5;  alfalfa  meal,  5;  limestone,  0.7;  salt,  O.5, 
Diet  11°:  Barley,  5O;  oats,  1*0;  linseed  meal,  3;  fish 
msal,  1;  meat  meal,  3.0;  minerals,  ^T ;  A  and  D  oil  (99-5 
I. U.. vitamin  A  and  19. 8  I.U.  vitamin  D/lOO  g  of  diet). 
Diet  III^:  Soybean  meal,  8;  alfalfa  meal,  1*.5;  barley, 
85;  tankage,  5;  bonemeal,  0.5;  limestone,  0.5;  salt 
(NaCl),    0.5. 

Diet  IV°:   Corn,   82;   Soybean  meal,   6.5;   meat  and  bone 
scrap,   2.5;   fish  meal,   2.5;   cottonseed  meal,   2.5;   al- 
falfa meal,   2.5;   limestone,   O.J;  bonemeal,   0.5;   salt 
(NaCl),   0.5. 


Turkey,   Broad-breasted  Bronze 


L80 


d^YoUng 


1.8-2.1 


75 


Corn,  ground  yellow,  25;  standard  wheat  middlings,  10; 
alfalfa  meal,  5  (meal  contains  75,000  or  more  I.  U.  of 
vitamin  A  per  pound);  soybean  oil  meal,  55;  fish  meal 
6;  (Beat  meal,  6;  steamed  bone  meal,  2;  ground  lime- 
stone, 2;  salt,  0.5;  dried  whey,  8;  vitamin  A  and  D 
feeding  oil,  O.5  (oil  conteiins  3OO  International  Chick 
Units  vitamin  D,  I5OO  I.  U.  vitamin  A  per  gram);  plus 
anhydrous  MnSOi^,  0.0125  g  per  100  g  feed. 


185 


19c 


5.2 


52 


dHalf -grown 


Corn,  ground  yellow,  55;  pulverized  oats,  20;  alfalfa 
meal,  **  (meed  contains  75,000  I.  U.  vitamin  A  per 
pound);  soybean  oil  meal,  25;  fish  meal,  U;  meat  meal, 
k;    steamed  bone  meal,  2.5;  ground  limestone,  1.5; 
salt,  0.5;  dried  whey,  6;  vitamin  A  and  D  feeding 
oil,  0.5;  (oil  contains  5OO  Intemational  Chick  Units 
vitamin  D,  I5OO  I.  U.  vitamin  A  per  gram);  plus  anhy- 
drous MnSOi,,  0.0125  g  per  100  g  of  feed. 


/l/  The  numerals  I,  II,  III,  TV  occurring  occasioneLlly  in  column  D,  refer  to  alternative  dietary  mixtures  vhose  coni- 
poeitlons  are  given  in  column  E.  /6/  An  antibiotic-vitamin  Bj^g  supplement  is  recommended  for  addition  to  all  diets 
not  othenrlse  provided  with  an  antibiotic  and  vitamin  B^g.  ^t  a  level  suited  to  its  type.  /7/  Iodized  salt  (NaCl), 
20f>;  steamed  bonemeal,  57-7^;  ground  limeetoDe,  1*0^;  ferrous  sulfate,  2^;  manganese  sulfate,  0.2^;  copper  sulfate, 
0.1*. 
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50.  DIETS:  LABORATORY  AND  DOMESTIC  ANIMALS  (Concluded) 

Diets  have  been  selected  from  a  large  number  of  possible  diets.  They  are  not  necessarily  optimal,  nor  do  they 
suit  all  Injiortant  conditions  and  feeding  purposes .  Consult  texts  on  feeding  ( see  blbllo . )  for  more  detailed 
laformation.  Unless  otherwise  indicated,  values  in  col.  E  are  grams/lOO  g  (or  Ib/lOO  lb)  of  ration. 

Species 

Age 

Body 
Weight 

Daily  Food 
Intake! 

Diet 

mo 

kg 

g/kg  body  tft 

g/lOO  g 

(A) 

(B) 

(C) 

(D) 

(E) 

195 
?05 

Turkey,  Broad-breasted  Bronze  (concluded) 

SHalf-groun 
JMature 

5.2 
8-12 

k 
8 

52 
52 

Com,  ground  yellow,  55;  pulverized  oats,  20;  alfalfa 
meal,  k   (meal  contains  75,000  I.  U.  vitamin  A  per 
pound);  soybean  oil  meal,  25;  fish  meal,  k;   meat 
meal,  k;    steamed  bone  meal,  2.5;  ground  limestone, 
1.5;  salt,  0.5;  dried  whey,  6;  vitamin  A  and  D  feed- 
ing oil,  0.5  (oil  contains  300  International  Chick 
Units  vitamin  D,  I500  I.  U.  vitamin  A  per  gram);  plus 
anhydrous  MnSOij,  O.O125  g  per  100  g  of  feed. 

Com,  ground  yellow,  }1;  stand£ird  wheat  middlings, 
20;  pulverized  oats,  20;  alfalfa  meal,  T  (meal  con- 
tains 75,000  or  more  I.  U.  of  vitamin  A  per  pound); 
wheat  bran,  U.5;  dried  whey,  5;  fish  meal,  5;  meat 
meal,  5;  ground  limestone,  U;  salt,  0.5;  vitamin  A 
and  D  feeding  oil,  0.5  (oil  contains  500  Internation- 
al Chick  Units  vitamin  D,  I5OO  I.  U.  vitamin  A  per 
gram);  crystalline  rlboflavine,  0.2  mg  per  100  g  of 
feed;  plus  anhydrous  MnSO],,  0.0125  g  per  100  g  of 
feed. 

/l/  The  numerals  I,  II,  III,  IV  occurring  occasionally  in  column  D,  refer  to  alternative  dietary  mixtures  whose  com- 
positions are  given  In  column  E. 
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51.  ZOO  DIETS:  MAMMALS, 

CARNIVORES 

Diets  illustrate  the  feeding  practices  successfully  in  use 

in  the  New  Yi  k, 

Chicago 

and  San  Diego 

zoological  parks.  Differences  in  diet  reflect  climatic  conditions. 

food  availability,  and  individ- 

ual  variation  within  species.  Body  weights  are  only  estimated  and  the  amounts  of 

food  eaten  are  | 

approximate  only,  ajid  are  for  a  single  specimen  of 

the  species  listed. 

Total 

Feed/kg 

Composition  of 

Diet 

Body 
Weight 

Feed 

Body 
Weight 
per  Day 

Species 

Sex 

per 
Week 

Horse 
Meat 

Horse 
Liver 

Horse 
Kidney 

kg 

kg 

g 

g/100  g 

g/100  g 

g/100  g 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

CARNIVORA 

1 

Badger,  Canadian  (Taxldea  taxus  taxus) 

lU 

3 

31 

£. 

Bear,  Eurp-sian,  brown  (Ursus  arctos  arctos) 

M 

205 

45 

30 

55 

T 

Bear,  grizzly  (U.  horribilis  horrlbills) 

M 

518 

54 

24 

27 

I4 

Bear,  kodlak  (U.  mlddendorf 11 ) 

M 

364 

60 

24 

32 

C 

BeELT,  Malayan  sun-bear  (Helarctos  malayanus)  F 

25 

7 

44 

31 

6 

Bear,  polar  (Thalarctos  mai'itlmus) 

M 

31*1 

60 

25 

25 

7 

Bear,  polar  (T.  maritimus) 

M 

586 

83 

31 

, 

8 

Bear,  polar  (T.  maritimus) 

F 

156 

5°n 

53 

22 

9 

Bear,  spectacled  (Tremarctos  ornatus) 

M 

lU 

4ie 

51 

LO 

Cat,  Jungle  (Fells  chaus  fulvidlna) 

F 

4 

5 

107 

85 

17^° 

LI 

Cheetah  (Aclnonyx  Jubatus) 

M 

55 

18 

47 

92 

5!o 

L2 

Dingo  (Canis  dingo) 1^ 

M 

25 

11 

68 

10 

1^10 

15 

Hyena,  spotted  (Crocuta  crocuta) 

M 

45 

8 

25 

83 

6l° 

Ll* 

Jaguar  (Panthera  onca) 

M 

80 

18 

32 

86 

5nn 

8 

L5 

Jaguar  (P.  onca) 

M 

80 

15 

27 

91 

,10 

L6 

Jaguar  (P.  onca) 

F 

64 

15 

55 

84 

6 

9 

17 

Leopard,  black  (P.  pardus) 

M 

1*5 

15 

4l 

88 

4 

7 

l8 

Uon  (P.  leo) 

M 

159 

27 

24 

95 

3 

L9 

Lynx,  Yukon  (Fells  canadensis  molllpilosus) 

16 

8 

71 

70 

?0 

Ocelot  (F.  pardalls) 

7 

5 

100 

83 

17 

51 

Panda,  lesser  (Ailurus  fulgens  fulgens) 

6 

9 

214 

22 

Raccoon  (Procyon  lotor) 

5 

5 

86 

15 

23 

Tiger,  Bengal  (Panthera  tlgris) 

M 

227 

45 

28 

97 

2 

2U 

Tiger,  Bengal  (P.  tlgris) 

F 

136 

52 

3"* 

96 

^10 

25 

Wolf,  maned  (Chrysocyon  Jubatus) 

M 

27 

12 

63 

26 

Wolf,  North  American  (Csinls  lupus  nubilis) 
PINNIPEDIA 

M 

36 

15 

60 

15 

5IO 

27 

Sea-lion,  (Zalophus  calif ornianus) 

M 

275 

6 

3 

?8 

Seal,  harbor  (Phoca  vltullna  geronlmensis) 

F 

32 

13 

58 

/l/  Composed  of:  meat  56^)  kibbled  dog  biscuit  14^,  powdered  milk  3^,  bone  meal  5^,  sodium  chloride  l^t, 
and  water  23^.  /2/  S.  D.  =  San  Diego  Zoological  Gardens,  San  Diego,  California.  N.  Y.  =  New  York  Zo- 
ological Park,  New  York,  N.  Y.  Chi.  =  Lincoln  Park  Zoo,  Chicago,  111.  /5/  Eggs  2^,  bran  and  honey  mix 
3^.  /4/  Eggs  3^>  and  bran  and  honey  mix  7^.  /5/  Eggs  14^,  and  bran  and  honey  mix  20)(p.  /6/  During  sum- 
mer total  bread  eLllowance  increased  2-4  times.  /?/  Eggs  y^,   £md  bran  and  honey  mix  85t.  /8/  Includes  5 
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51.  ZOO  DIETS:  MAMMALS,  CARNIVORES  (Concluded) 

Diets  illustrate  the  feeding  practices  successfully  in  use  in  the  New  York,  Chicago  and  San  Diego 

zoological  parks.  Differences  in  diet  reflect  climatic  conditions,  food  availability,  and  individ- 

ual variation  within  species.  Body  weights  are  only  estimated  and  the  amounts  of  food  eaten  are 

approximate  only,  and  are  for  a  single  specimen  of  the  species  listed. 

J 

Composition  of  Diet  (concluded) 

Zoo2 

Bone 
Meal 

Dog  Food 
Mlxl 

Fowl 

Bread 

Milk 

Butter- 
fish 

Mackerel 

Fish, 
General 

Vege- 
tables 

Apples 

Fruit, 
General 

Misc. 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

(I) 

(J) 

(K) 

(L) 

(M) 

(Nj 

(0) 

(P) 

(Q) 

(R) 

(S) 

(1) 

(u) 

100 

SD 

15 

20 

23 

2 

1* 

.1^ 

SD 

11* 

lU 

27 

3 

5 

SD 

9 

23 

23 

15 

lU 
10 

10 

345 

NY 
SD 

96 

1*6 

23 

NY 

15 

5 

34 
8 

1+6 

5 
36 

7 
33 

16 

111 
279 

Chi. 
SD 
NY 
SD 

SD 

- 

i*? 

8 

11 

29 

612 

SD 

SD 

1 

6 

NY 
SD 

1 

NY 

1 

NY 

1 

1^5 

10 

26 
18 

50 

9 

61.13 

91U 

NY 
SD 
SD 

SD 
Chi. 

1 

NY 

1 

89 
76 

7 
6 

50 

25 

25I5 
100 

NY 
SD 

SD 

NY 

NY 

gallons  of  milk  (1.8  kg  powdered  milk  to  11  liters  water);  conversion  of  gad-lons  of  milk  to  kilograms 
made  on  aseun^ition  that  1  liter  milk  =  1  kg.  /9/  Milk  (see  Fn  8)  .  /lO/  Conibination  of  horse  liver  and 
kidney,  /ll/  Immature  animal.  /l2/  Eggs.  /15/  Includes  bananas  56^,  grapes  9^,  dates  9^,  and  raisins 
2%.     /ik/   Eggs  &f,,   Pablum  1^.  /15/  Smelts. 
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52.  ZOO  DIETS 

:  MAMMALS,  HERBIVORES 

Diets  illustrate  the  feeding  practices  successfully 

in  use 

in  the  New  York,  Chicago  and  San  Diego 

zoolog- 

leal  parks.  Differences  in  diet  reflect  climatic 

conditions,  food 

availability,  and  individual  variation 

within  species.  Body  weights  are  only  estimated 

and  the 

amounts 

of  food  eaten  are  approximate  only,  and 

Eire  for  a  single  si)eclinen  of  the  species  listed. 

Tiody 

Total 
Feed 

Feed/kg 
Body 

Composition  of  Diet 

Species 

Sex 

Weight 

per 
Week 

Weight 
per  Day 

Alfalfa 

Browse 

Clover 

Oat 
Hay 

Timothy 

kC 

kg 

Z 

g/100  g 

k/100  g 

s/100  g 

g/100  g 

g/100  g 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(1/ 

(J) 

PRlMM'tiJ 

1 

Ape,  Celebes,  crested  (Macaca  niger)  M 

23 

lit 

87 

2 

Chimpanzee  (Pan  troglodytes) 

M 

61 

50 

70 

5 

Colobus,  East  African  (Colobus 
polykomos  kikuyensis) 

M 

18 

ll. 

111 

U 

Gorilla  (Gorilla  gorilla) 

F 

155 

25^ 

27 

5 

Gorilla  (G.  goriUa) 

F 

52 

299 

128 

6 

Gorilla  (G.  gorilla) 

M 

250 

87 

50 

V 

Gibbon  (Hylobates  lar) 

F 

9 

6 

95 

8 

Guenon,  beira  (Cercopithecus  mitis 
erythrarchus) 

M 

1 

8 

111*3 

c 

Macaque,  Burmese,  pig-tailed 
(Macaca  nemestrina  andamensis) 

F 

2 

10 

715 

IC 

Macaque,  Formosan,  rock  (M.cyclopis)  M 

1 

9 

280 

u 

Macaque,  stump-tailed  (M.  speciosa) 

M 

25 

16 

92 

12 

Marmoset,  red-handed  (Mystsjt  midas) 

F 

O.k 

2 

715 

13 

Monkey,  mantled,  howling  (Alouatta 

palliata  aequatorlalis) 

M 

5 

5or 

^  258 

2 

ll4 

Orangutan  (Pongo  pygmaeus) 

M 

k8 

152' 

>   1*5 

i; 

Orangutan  (P.  pygmaeus) 

M 

68 

27 

57 

l£ 

Saki,  golden  headed  (Pithecia 
pithecia  chrysocephala) 

ARTIODACTYLA 

M 

1 

6 

857 

17 

Alpaca  (Lama  paces)" 

M 

91 

20 

31 

2825 

16 

IP 

Anoa  (Anoa  depresslcornis)^'' 

M 

102 

36 

50 

1*025 

15 

17 

19 

Anoa  (A.  depresslcomis) 

F 

102 

57 

52 

60 

9 

>0 

Antelope,  sable  (Hippotragus  niger 

roosevelti)2lt 

M 

250 

59 

31. 

3225 

U6 

?1 

Aoudad  (Amnotragus  lervla) 

M 

55 

18 

1*7 

1*625 

15 

2£ 

Bison  (Bison  bison  bison) 
Blackbuck  (Antilope  cervicapra)^^ 

M 

273 

159 

73 

6 

92 

?3 

M 

1*5 

15 

Ul 

1*525 

18 

i>U 

Bongo,  eastern  (Boocercus  eurycerus 

Isaael) 

F 

220 

58 

58 

65 

?5 

Buffalo,  African  (Syncerus  caffer)2' 

M 

1636 

160 

lU 

8525 

7 

>6 

Camel,  Bactrlan  (Camelus 

bactrianus)2'« 

M 

81*1 

168 



29 

5725 

8 

/l/  Grain  mix  feed  composed  of:  beet  pulp  30^,  rolled  barley  325S,  bran  11^,  rolled  oats  &f>,  ground  com  11^, 
linseed  meal  1*^,  bone  meal  Vf,,  and  salts  1^.  /2/  S.D.  =  San  Diego  Zoological  Gardens,  San  Diego,  California. 
N.  Y.  =  New  York  Zoological  Park,  New  York,  N.  Y.  Chi .  =  Lincoln  Park  Zoo,  Chicago,  111.  /3/  Sweet.  /I*/  Other 
fruits  51^,  and  other  vegetables  31^.  /5/  Other  fruits  Ik^,,  other  vegetables  20^,  rice  5^,  and  milk  3^.  /6/ 
Other  fruits  25^,  other  vegetables  18^,  com  2'f,,  wheat  1^,  and  rice  Vf,.  /t/  Oranges  5^,  and  other  vegetables 
12^.  /&/  Plus  tablespoon  of  cod  liver  oil  and  12  drops  of  vitamin  formula  per  day.  /9/  Plus  tablespoon  of  Vi- 
Magna  per  day.  /lO/  Other  fruits  26^,  milk  23^,  and  Pablum  2lt.  /ll/  Sweet  85^,  and  Irish  df>.  /12/  Milk  and 
cream  28^,  grapes  25^,  and  other  fruits  2^,.  /15/  Other  fruits  11*^,  other  vegetables  195t.  /ll*/  Other  fmits 
36^,  other  vegetables  21*^,  rice  3^,  wheat  5^,  and  com  3^.  /15/  Other  fruits  yOf,,  other  vegetables  535t,  wheat 
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52.  ZOO  DIETS:  MAMMALS 

,  HERBIVORES  (Continued) 

Diets  illustrate  the  feeding  practices  successfully  in  use  in  the  New  York,  Chicago  and  Ran  Diego  zoolog- 
ical parks.  Differences  in  diet  reflect  climatic  conditions,  food  availability,  and  individual  variation 
within  species.  Body  weights  are  only  estimated  and  the  amounts  of  food  eaten  are  approximate  only,  and 
are  for  a  single  specimen  of  the  species  listed. 

Composition  of  Diet 

( concluded ) 

Zoo' 

Crushed 
Oats 

Bread 

Apples 

Avo- 
cados 

Bananas 

Cabbage 
Lettuce 

Carrots 

Celery 

Po- 
tatoes 

Horse 
Meat 

Eggs 

Grain 
Mixl 

Misc. 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

e/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/lOO  g 

(K) 

(L) 

(M) 

(N) 

(0) 

(P) 

(a) 

(R) 

(S) 

(T) 

(U) 

(V) 

(W) 

fx) 

h 

3 

11 
11. 

6 

8 

8 
19 

3 

9 

5 

62^ 

SD 
SD 

T 

9 
10 
11 

IT 
3 

13 

11 

9 
8 
9 

5 
35 

7 

55 

U 
3 

2 

5 
5 

228 
60IO 

SD 
Iflf 
SD 

5 
6 

13 

6 

It 
25 

12 
13 

2 

5 

1611 
65 

55I2 
35I5 

CHI 
SD 

5 

k 

Y 

6 

55 

U 

691"* 

SD 

k 

3 
5 

7 

7 
7 

3 

1*3 
55 

7 
7 

7616 

SD 
SD 

9 

10 
15 

5 

50 

9 

3 

55 

15 

U 

20l8 

SD 
NY 

6 

3 
h 

11 

18 

'j 

29 

17 
3 

115 
17 
15 

7 
28 

65 

22 

6 

3 
3 

20I9 

221 

Ug22 

NY 
NY 
SD 

7 

'j 

1 

11 

U 

U3 

6 

6225 

SD 

U 

5 

1U2'* 
U2U 

52i. 

8 
ll2U 

7 
li 

21 
8 
U 

5 

8 

9 

11 

7 

15 
11 

9 

11* 
T 

5 

11 

2 

9 

SD 
SD 
NY 

SD 

SD 
SD 
SD 

2 

1,2U 

1,21. 

1 . 

11 

3 

2U 

3 

U 
7 

16^6 

NY 
SD 

SD 

1^,  and  rice  1^.  /l6/  Other  fruits  551^,  and  other  vegetables  57%.  /17/  Other  fruits  ^&f,,  other  vegetables 
12^,  wheat  1%,  rice  1%,  euid  peanuts  1*^.  /I8/  Oranges  20%.  /19/  Evaporated  milk  15%,  canned  dog  food  5%,  and 
grapes  2%.  /20/  Plus  one  gallon  of  milk  mixture  per  day,  and  1*  dog  biscuits  per  day.  /2l/  Grapes  2%.  /22/ 
Other  fruits  21%,  and  other  vegetables  25%.  /25/  Other  fruits  34%,  other  vegetables  22%,  com  2%,  rice  2%, 
and  wheat  2%.  /2I»/  Values  given  are  for  winter  months  only;  for  other  seasons  eliminate  avocados  and  recMilcu- 
late  values.  /25/  Values  for  10  months  of  the  year;  for  remaining  two  months  alfalfa  pellets  to  half  the  quan- 
tity are  substituted  for  fresh  alfalfa.  /26/  GLF  formula,  con^iosed  of:  wheat  bran  10%,  hominy  feed  and  com 
meal  20%,  5!*  per  cent  linseed  oil  meal  10%,  crushed  oats  21%,  cane  molasses  10%,  beet  pulp  10%,  chopped  al- 
falfa 12%,  wheat  germ  meal  3%,  Brewer's  yeast  2%,  and  salts  2%. 
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52.  ZOO  DIETS:  MAMMALS.  HERBIVORES  (Continued) 

Diets  Illustrate  the  feeding  practices  successfully  In  use 

in  the 

flew  York 

,  Chicago  and  San  Diego  zoolog- 

leal  parks.  Differences  In  diet  reflect  climatic 

conditions,  food  availability,  and  Individual  varlatloc| 

within  species.  Body  weights  are  only  estimated 

and  the 

amounts 

of  food 

eaten  are  approximate  only,  and 

are  for  a  single  specimen  of  the  species  listed. 

\ 

Total 

Feed/kg 

Composition  of  Diet 

Body 
Weight 

Feed 

Body 
Weight 
per  Day 

Species 

Sex 

per 
Week 

Alfalfa 

Brovse 

Clover 

Oat 
Hay 

Timothy 

kg 

leg 

e 

e/100  g 

g/100  g 

g/100  g 

g/lOO  g 

g/100  g 

(A) 

(B) 

(c) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

ARTIODACTYLA  (concluded) 

?7 

Camel,  Dromedary  (Camelus 
dromedarlus ) 

F 

595 

48 

12 

?8 

Deer,  Axis  (Axis  maculatus)^'* 

M 

73 

15 

29 

46^5 

31 

?9 

Deer,  red  (Cervus  elaphusj^** 

,  F 

159 

28 

25 

''tl 

16 

50 

Deer,  sambar  (C.  unl color  equlnus)2''M 

1 

l8l 

34 

25 

4825 

26 

51 

Elk  (Cervus  canadensis  canadensis) ^''m 

5^5 

47 

12 

4625 

10 

52 

Gayal  (Blbos  frontalis) 

F 

h^3 

84 

26 

57 

53 

Gazelle,  Arabian  (Gazella  gazella 

arablca) 

M 

11. 

12 

122 

7 

55 

5U 

Giraffe,  Uganda  (Giraffa  camelo- 

pardalls  rothschildl) 

M 

1134 

222 

28 

1625 

55 

Glreiffe,  Ugtinda  (G.  camelopardalis 

rothschildl) 

F 

591 

121 

29 

52 

56 

Gnu,  brindled  (Connochaetes 

taurinusj^** 

M 

295 

45 

22 

6025 

10 

57 

Goat,  tahr  (Hermitragus  Jemlahlcus 

5a 

59 

Jemlahicus)2'* 

M 

91 

21 

35 

5^^^ 

15 

Guanaco  (Lama  huanacho)^'* 

M 

136 

25 

26 

4425 

18 

Hippopotamus  (Hippopotamus 

amphibuB ) 

M 

1909 

400 

30 

28 

44 

'*0 

Hippopotamus,  pygmy  (Choeropsis 
llberlensis)2'* 

M 

182 

116 

91 

35^5 

^1 

Kudu,  greater  (Strepslceros 

strepslceros)^'* 
Llama  (Lama  glama) 

M 

'*55 

91 

29 

'*5^5 

13 

»2 

M 

125 

39 

45 

35^5 

12 

»3 

Moose  (Alces  alces  andersonl)^^     M 

Sin 

505 

128 

51 

kU 

Muntjac,  Reeves  (Muntiacus 

reevesljSl* 

F 

11 

9 

117 

HI 

15 

^l 

Nilgai  (Boselaphus  tragocamelus)'^ 

M 

273 

44 

25 

62^5 

10 

he 

Okapl  (Okapla  Johnstonl) 

M 

205 

70 

49 

45 

ki 

Peccary,  white-lipped  (Tayassau 
pecari) 

F 

14 

l6 

164 

i»e 

Pronghorn  (Antilocapra  amerlcana)2't  n 

57 

18 

45 

5725 

12 

Its 

Sheep,  Canadian  bighorn  (Ovls 

canadensis  c.)^^ 

M 

57 

18 

45 

4625 

12 

% 

Sitatunga  (Llmnotragus  spekli) 

M 

55 

18 

47 

70 

51 

Vicuna  (Vicugna  v.  menseulis)^ 

M 

45 

27 

86 

525 

9 

61 

52 

Warthog  (Phacochoerus  aethloplcus) 

F 

55 

31 

81 

52 

/l/  Grain  mix  feed  composed  of:  beet  pulp  50^,  rolled  barley  32^,  bran  ll'jt,  rolled  oats  &f,,  ground  com 
11^,  linseed  meal  4^,  bone  meal  1^,  and  salts  1^.  /2/  S.  D. =  San  Diego  Zoological  Gardens,  San  Diego,  Cal- 
ifornia. N.  Y.  =  New  York  Zoological  Park,  New  York,  N.  Y.  Chi.  =  Lincoln  Park  Zoo,  Chicago,  111.  /24/ 
Values  are  for  winter  months  only;  for  other  seasons  eliminate  avocados  and  recalculate  values.  /25/  Values 
are  for  10  months  of  the  year;  for  remaining  two  months  alfedfa  pellets  in  half  the  quantity  are  substituted 
for  fresh  alfalfa.   /26/  GLF  formula,  composed  of:   wheat  bran  lOjt,  hominy  feed  and  com  meal  205t,  34  per 
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52.     ZOO  DIETS:    MAMMALS 

,   HERBIVORES  (Continued) 

Diets   illustrate  the  feeding  practices   successfully  in 

use  in  the  New  York,   Chicago     and  San  Diego  zoolog- 

ical  parks.     Differences   in  diet  reflect  climatic     conditions,    food  availability,   and  individual  variation  | 

within     species.     Body  weights  are  only     estimated  and 

the  amounts  of  food  eaten  are  approximate  only. 

and 

are  for  a  single  specimen  of  the   species   listed. 

Composition  of  Diet 

(concluded) 

Zoo2 

Crushed 
Oats 

Bread 

Apples 

Avo- 
cados 

Bananas 

Cabbage 
Lettuce 

Carrots 

Celery 

Po- 
tatoes 

Horse 
Heat 

Eggs 

Greiin 
Mixl 

ffl.sc. 

g/lOO  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/lOO  g 

g/lOO  g 

g/100  g 

(K) 

(L) 

(M) 

(N) 

(0) 

(P) 

(Q) 

(R) 

(S) 

(T) 

(U) 

(V) 

(W) 

(X) 

10027 

NY 

loai* 

821. 

7 

10 

6 

5 

k 

7 

10 

8 

SD 
SD 
SD 

1  ^ 

12 

17 

1 

SD 

5 

1 

9 

16 

6 

8 

7 
11 

10 

7 

2228 

1529 
5050 

NY 
NY 
SD 

8 

1 

5 

7 

1 

2 

2U51 

NY 

92U 

6 

9 

6 

SD 

62!* 
ll^"* 

6 
16 

15 

9 
11 

2^26 

SD 
SD 

NY 

5 

5 

l2U 

12 

12 

12 

19 

SD 

6 

f 

6 

6 

9 

6 

SD 

22 

1. 
5-' 

62i» 
62"* 

6 
16 

55 
9 

15 
6 

15 
9 

1632 

7 

7 

k 
6 

2l33 

SD 
SD 

SD 
SD 

lU 

: 

lit 

9 

5 

11.26 

NY 

5 

13 

5 

20 

5 

Ul 

IP'* 

NY 

8 

15 

8 

12 

6 

SD 

82U 

8 

15 

11 

526 

SD 

5 

5 

2 

5 

h 

2 

2 

NY 

10 

5 

SD 

15 

8 

9 

5 

3 

8 

NY 

cent  linseed  oil  meal  10^,  cru  3d  oats  21^,  cane  molasses  lOjt,  beet  pulp  lOf,,  chopped  alfalfa  12^,  wheat 
germ  %,  Brewer's  yeast  2^,  and  ^alts  2^.  /27/  Timothy  67^,  GLF  formula  33%  (see  Fn  26).  /28/  Crushed  oats 
11^,  and  GLF  formula  11^  (see  Fn  26).  /29/  Rolled  oats  5*,  crushed  oats  5^,  and  grain  mix  5^  (see  Fn  l).  /jO/ 
Acacia  browse  31%,  onions  3%,  and  grain  mix  %  (see  Fn  1).  /jl/  Crushed  oats  12*,  and  GLF  formula  12*  (see 
Fn  26).  /52/  For  6  months,  then  replaced  by  watermelon.  /jj/  Grapes  for  6  months,  then  replaced  by  water- 
melon. /5I+/  GLF  fonmila  8*  (see  Fn  26),  and  meat  2*. 
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52;  ZOO  DIETS:  MAMMALS,  HERBIVORES  (Continued) 

Plets  illustrate  the  feeding  practices  successfully  In  use  in  the  New  York,  Chicago  and  San  Diego  zoolog- 
ical parks.  Differences  in  diet  reflect  climatic  conditions,  food  availability,  and  individual  variation 
within  species.  Body  weights  are  only  estimated  and  the  amounts  of  food  eaten  are  approximate  only,  and 
are  for  a  single  Epecimen  of  the  species  listed. 

Species 

Sex 

Body 
Weight 

Total 

Feed 

per 

Week 

Feed/kg 

Body 
Weight 
per  Day 

Composition  of  Diet 

Alfalfa 

Browse 

Clover 

Oat 
Hay 

Timothy 

ke 

kg 

6 

g/100  g 

g/lOO  g 

g/100  g 

g/100  g 

g/100  g 

fA) 

(B) 

fc) 

fD) 

fE) 

fF) 

fG) 

fH) 

(1) 

fj) 

56 

39 

50 

51 

PROBOSCIDEA 

Elephant,  African  (Loxodonta  a. 

afrlcana) 
Elephant,  African,  forest  (L. 

cyclotis) 
Elephant,  Indian  (Elaphas  maximus) 

PERISSODACTYLA 

Rhinoceros,  black  (Diceros 

bicornis) 
Rhinoceros,  Indian  (Rhinoceros 

unicornis) 
Tapir,  Balrd's  (Tapirella  balrdii) 
Tapir,  South  American  (Tapirus 

terrestris) 
Zebra,  Chapman's  (Equus  burchelll 

(antiquorum) 

Zebra,  Grevy's  (E.  grevyl) 

MARSUPIALIA 

Kangaroo,  red  (Macropus  rufus 

rufus) 
Wallaby,  agile  (M.  agilis) 
Wombat  (Vombatus  hirsutus) 

F 

M 

F 

M 

F 
M 

F 

F 

M 

M 

F 
F 

31*09 

201*5 
2500 

12TJ 

1591 
136 

227 

295 

1*09 

59 
5 
9 

698 

579 
kkl 

280 

265 
112 

k-J 

1*7 

57 

22 
8 

1* 

29 

26 
23 

31 

2k 
118 

30 

23 

20 

55 

280 

63 

36 

36 

23 

57 

10 

'»3 
U2 

3 

13 

55 

50 
50 

3't 
50 

68 
8U 

/l/  Grain  mix  feed  composed  of:  beet  pulp  5?J(.,  rolled  barley  52^,  bran  11^,  rolled  oats  S^t,  ground  com 
ll^t,  linseed  neal  U^,  bone  meal  1^,  and  salts  1^.  /2/  S.  D.  =  San  Diego  Zoological  Gardens,  San  Diego,  Cal- 
ifornia. N.  Y.  =New  York  Zoological  Park,  New  York,  N.  Y.  Chi.  =  Lincoln  Park  Zoo,  Chicago,  lU.  /26/  GLF 
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52.  ZOO  DIETS:  MAMMALS,  HERBIVORES  (Concluded) 

Diets  illustrate  the  feeding  practices  successfully  in  use  in  the  New  York,  Chicago  and  San  Diego  zoolog- 
ical parks.  Differences  in  diet  reflect  climatic  conditions,  food  availability,  and  individual  variation 
within  species.  Body  weights  are  only  estimated  and  the  amounts  of  food  eaten  are  approximate  only,  and 
are  for  a  single  specimen  of  the  species  listed. 

Composition  of  Diet  (concluded) 

Zoo2 

Crushed 
Oats 

Bread 

Apples 

Avo- 
cados 

Bananas 

Cabbage 
Lettuce 

Carrots 

Celery 

Po- 
tatoes 

Horse 
Meat 

Eggs 

Grain 
Mlx^- 

Misc. 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

(K) 

(L) 

(M) 

fN) 

(0) 

fP) 

(0.1 

fR) 

(Si 

(T) 

(u) 

(V) 

fw) 

(X) 

5 

5 
It 

8 
29 

3 
12 

1 

2 
2 

9 
12 

11 
1^ 
2h 

5 
29 

7 

9 

20 

62U 

h, 
1* 
8 

1 

2 
2 

2 

5 

12 

11 
6 

2 

k 

5 

h, 
11 
12 

2 

5 

5 

2 

8 
11 

153 

7 

6 

12 

18 

526 
526 

226 

526 
826 

ll55 

955 

1235 

NY 

NY 
NY 

NY 

NY 
NY 

SD 

NY 

NY 

NY 
NY 
NY 

fonmila,  composed  cf:  wheat  bran  10^,  hominy  feed  and  com  meal  SOjt,  34  per  cent  linseed  oil  meal  lOjt,  crushed 
oats  21^,  cane  molasses  lOjt,  beet  pulp  IC^,  chopped  alfalfa  12^6,  vheat  germ  meal  yf,,  Brewer's  yeast  2^,  and 
salts  2$. 
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54.  REPRESENTATIVE  SYNTHETIC  DIETS:  INSECTS 

Diets  are  representative 

iiets  for  a  number  of  insects  which  have  been  extensively  studied 

in  nutritional  research. 

Insects  maintained  on  sterile  diets  arise  from  eggs  rendered  bacteria  free. 

i 

Orthoptera 

Coleoptera 

Lepidoptera 

Diptera        | 

u 

\    Organism 

a) 

.J 

^ 

s 

kroach 
germanl 
adults 

oach 

rmani 

dults 

~. 

HI 
B 

U   01  < 

^i 

U) 

g 

a 

>i  S 

o  a)  c 

o  d  c 

It 

♦J  a 

U   +J 

r*  -S 

o-S 

S  *J 

a  oj  ui 

c  qj   vi 

^  OJ  d 

Flour 

(Ephes 

Larvae 

•°ss 

*j  u]  a 

3  o  3 

Nutrient 

Meal 
(Ten 
Larv 

m 

Frul 
(Dro 
Larv 

Mosq 
(Aed 
Larv 

Type  of  Medium                                | 

Solid 

Solid 

Solid 

Solid 

Agar  Base 

Agar  Base 

Liquid  and 

Solid, 

Sterile* 

Not  SterileS 

Sterile' 

Not  Sterile^ 

.Not  Sterile** 

Sterile^ 

SterileS 

per  100  g5 

per  100  g5 

per  100  g5 

per  100  g5 

per  100  g5 

per  100  ml^ 

per  100  ml' 

(A) 

(B) 

(C) 

(D) 

(e) 

Lt) 

(G) 

(h) 

1 

Proteins,  Protein  Derivatives 

Caseln6,  g 

50.0 

29.0 

17.0 

17.0 

u.o 

0.6 

c 

Cystine,  mg 

20.0 

^ 

Glutathione,  mg 

1.0 

It 

5 

Amlno-acid  mixture?,  g 

2. It 

Carbohydrates                                          | 

Dextrin,  g 

65.0 

6 

Glucose,  g 

Jl.O 

69.0 

68.0 

u.o 

7 
8 

Sucrose ,  g 

0.75 

0.2 

Lipids 

Com  oil,  g 

5.0 

9 

Soy  bean  ol],  g 

1.0 

10 

Wheat  germ  oil,  g 

1.0 

LI 

Cholesterol^,  g 

1.0 

0.5 

0.9 

1.0 

0.15 

O.Olt 

0.00} 

12 

Ergosterol,  g 

0.5 

15 

Lecithin,  g 

15 

Linoleic  acid,  g 

0.15 

Vitamins  and  Growth  Factors 

Biotln,  mg 

0.06 

0.025 

0.02 

0.02 

0.00} 

0.005 

16 

Cobalamln?,  mg 

O.OOJt 

n 

Carnitine,  mg 

0.15 

18 

ChollnelO,  mg 

UOO.O 

100.0 

50.0 

50.0 

0.06 

7.5 

2.0 

19 

Inositol,  mg 

200.0 

97.0 

50.0 

U.O 

30 

Niacin,  mg 

10.0 

10.0 

1.6 

5.0 

0.2 

/l/  A  diet  also  suitable  for  the  confused  flour  beetle  (Tribollum  confusum)  and  Palorus  ratzeburgi;  carnitine  is  not 
required  by  T.  confusum.  /2/  Supports  rapid  growth  relative  to  growth  on  adequate  crude  diets.  /}/  Supports  slow 
growth  relative  to  growth  on  adequate  crude  diets.  /U/  Supports  fair  growth  relative  to  gro'.Jth  on  adequate  crude 
diets.  /5/  Calculated  as  grams  or  milligrams/ 100  grams  of  diet  and  figures  rounded.  /6/  Vitamin  free.  /7/  A  mixture 
of  l8  pure  amlno-acids.  /8/  Cholesterol  is  an  essential  substance  for  all  insects  which  have  been  critically  studied. 
/9/  Vitamin  8^2.  /lO/  As  the  chloride. 
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54.     REPRESENTATIVE  SYNTHETIC  DIETS:    INSECTS  (Concluded) 

Diets  are  representative  diets  for  a  number  of  insects  which  have  been  extensively  studied  in  nutritional  research. 
Insects    maintained    on  sterile  diets  arise  frcm  eggs  rendered  bacteria  free. 

\^        Organism 
Nutrient 

Orthoptera 

Coleoptera 

Lepidoptera 

Dlptera 

German  cockroach 
(Blatella  germanica  (L. )) 
Nymphs  and  adults 

German  cockroach 
(Blatella  germanica  (L.)) 
Nymphs  and  adults 

Mealworm^ 
(Tenebrlo  molltor) 
(Larvae 

Flour  moth 
(Ephestla  sp. ) 
Larvae 

Corn  borer 

(Pyrausta  nubllialls) 

Larvae 

Fruit  fly 

(Drosophlla  melanogaster) 

Larvae 

Mosquito 
(Aedes  aegyptl) 
Larvae 

Type  of  Medium 

Solid 
Not  Sterile2 

Solid 
Sterile5 

Solid 
Not  SterileS 

Solid 
Not  Sterile^ 

Agar  Base 

Sterile2 

Agar  Base 
Sterile2 

Liquid  and 

Solid, 

Sterile"* 

per  100  g5 

per  100  g5 

per  100  g5 

per  100  g5 

per  100  g5 

per  100  ml^ 

per  100  ml^ 

(A) 

(B) 

(c) 

(D) 

(e) 

M_ 

(G) 

(H) 

21 
22 
23 
2ll 
2; 

2t 

27 
28 

29 

50 

51 

52 
53 
54 
55 

5« 

57 
58 
59 

\Q 

*i 

ta 
O 

Vitamins  and  Grovth  Factors   (concluded) 

Niacinamide,  mg 
Pantothenic  acldH,  mg 
Para-aminobenzoic  acid, 
Pteroylglutamic  acid,  m^ 
Pyridoxlnei2_  ,^ 

Pyridoxamine-^^ ,  mg 
Rlboflavlne,  mg 
Thlaminel2,  mg 

k.Q 
mg 
!          0.5 

1.6 

1.8 
1.2 

10.0 
10.0 

o.u 

10.0 

10.0 
10.0 

0.8 

0.0125-0.0251 
0.2 

0.2-0.8 
0.1 

5.0 

3            0.2 
5.0 

5.0 
5.0 

1.0 
0.6 

0.6 
0.3 

0.2U 
0.15 

1.0 

0.6 

0.2 

0.06 

0.1* 

0.002 

0.2 

0.2 

Other  Nutritional  Factors 

Brewer's  yeast,   g 
Leaf  factor^*,   g 

Ribonucleic  acid,   g 

0.5 

1.50 
1.2 

0.1 

0.1 

Minerals                                                                                                                         | 

CaCl2|5,  mg 
FeSO^•^-'^   ng 

K2HP0i,l-',    mg 
KH2POi,^5,   mg 

MgS0ij.7H2O^5,   mg 
MnSOk.THgOl^,  mg 
HaCll5,  mg 

McCollum'  s  mixture  185-'-' 
U.S. P.   Ho.    l^f,  g 

Wesson's  mixture^",   g 

'.  g 

It.O 

3.0 

2.0 

2.0 

0.30 

1-5 

1.5 

6i.o 

6l.O 

25.0 
1.3 
1.3 

1.2 

1.2 

60.0 

60.0 

20.0 
1.2 
1.2 

Other  Ingredients 

Agar-agar,  g 
Cellulose,  g 
Water,  ml 

JO.O 

2.0 

9.0 

2.3 

1.8 

100.0 

2.0 
100.0 

100.0 

/l/  A  diet  aJLso  suitable  for  the  confused  flour  beetle  (Trlboilum  confusum)  and  Palorus  ratzeburgl;  carnitine  Is  not 
required  by  T.  confusum.  /2/  Supports  rapid  growth  relative  to  growth  on  adequate  crude  diets.  /j/  Supports  slow 
growth  relative  to  growth  on  adequate  crude  diets.  /h/  Supports  fair  growth  relative  to  growth  on  adequate  crude 
diets,  /5/  Calculated  as  grams  or  mllllgranis/lOO  grams  of  diet  and  figures  rounded,  /ll/  As  calcium  pantothenate.  /12/ 
As  the  hydrochloride,  /ij/  As  the  dlhydrochloride.  /iV  From  Cerophyl  Laboratories,  Inc.  /15/  Ingredient  of  Tatum's 
salt  mixture  for  which  see  Ref.  lU.  /l6/  For  which  see  Fef.  15-  /l?/  For  which  see  Ref .  l6.  /l8/  For  which  see  Ref. 
17. 
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55.     SELECTED  SOURCES  FOR  CERTAIN  NUTRIENTS 

Foods  llBted  axe  Important  sources  of  nutrients  indicated.  Data  do  not  take  into  account,  however,  food  habits  or  costs, 
which  may  lead  to  use  of  foodstuffs  not  listed  as  chief  source  of  a  nutrient.  Values,  In  the  units  specified,  are  per  100 
grams  of  edible  portion  of  uncooked  foodstuff,  unless  otherwise  indicated. 


Nutrients 


ISL 


Sources  and  Nutritive  Value 


nn 


Nutrients 


ISL 


Sources  and  Nutritive  Value 


TbT 


15 


2; 


5C 


y. 


uc 


*5 


50 


Food  energy, 
Calorlesl 


Cheese  (except  cottage):   500-UOO 

Cooking  &  table  fats,  salad  oils:  700-900 

Grain  products,  dry:   530-590 

Nuts:   treenuts,  peanuts:   56O-7OO 

Salt  pork,  bacon,  other  fat  meats:  6OO-8OO 

Sugars:  570-585 


5; 


60 


Protein,  g 


Eggs:   15 

Grains:  8-lU 

Legumes,  mature,  dry:   21-55 

Meat,  poultry,  fish:   16-20 

Mili:  5-'» 


65 


Carbohydrate,  g 


Fruit,  dried:      67-75 

Grains:      7O-8O 

Legumes,  mature,  dry  (except  soybeans); 60-6Jt 

Potatoes,  sweetpotatoes :   19-28 

Sugars:     90-100 


70 


Fat,  g 


Cheese  (except  cottage):   25-57 

Cooking  and  table  fats,   salad  oils:   81-IOO 

Cream:      20-55 

Nuts:     5't-75 

Salt  pork,   bacon,   other  fat  meats:      55-85 


75 


Vitamin  A,  calc. 
as  B-caro- 
tene  ,  mg 


Butter,  margarine  with  vlt.  A  added: 
Carrots:   7.2 

Greens,  all  kinds:  1.8-5.7 
Liver,  all  kinds:  8.5-50.3 
Sweetpotatoes:   ^.6 


1.9 


Ascorbic  acid, 


Various  berries':   16-6O 

Cabbage:  50 

Citrus   fruit:      UO-50 

Greens:    collards,   kale,  mustard,   turnip: 

100-136 
Potatoes ,  sweetpotatoes :   17-22 
Tomatoes :   25 


8c 


85 


Choline,  mg 


Beans,  snap:  3'*0;  peas:  260 

Egg  yolk:  1130-1700 

Liver:  1(70-700 

Peanuts:   I6O-I7O 

Soybeans:   300-5'tO;  spinach:   2'i0 

Wheat  germ:   UOO 
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Cobalamin  as 
vitamin  Bio 


Liver  and  kidney:   high 

Hilk,  muscle  meats,  fish:  medium 

Com,  soybeans,  wheat,  yeast:   low 


9; 


Vitamin  D,  calc. 
as  calciferol, 

^ig5 


Egg  yolk,  dried:  6.6 

Fish,  canned:   pilchard:   18.6;   salmon: 

7.9;  sardines:   5U 
Fish,  raw,  fresh:   herring:   7.9; 

mackerel :   28 
Liver,  all  kinds:   0.2-l.lt 
Shrimp:  5.8 


100 


Tocopherol,  mg 


Beans,   navy,  dry:      5.6 
Butter:      2.U;   margarine: 
Eggs,  whole:      2 
Com  oil:      87;    peanut  oil: 
soybean  oil:      lUO 


LO5 


Folic  acid,  vlS 


Asparagus:  89-1^2;  broccoli:   3** 

Beans,  navy,  dry:   129;  com,  sweet:  9-70 

Cheese,  cottage:   21-U6 

Dates,  dry:   25 

Greens:      collards,   kale,  mustard,   etc.: 

20-115 
Liver:      220-290 
Nuts:     27-77 


VltaolQ  K,   Mg 


Cabliage,   cauliflower:      250-275 
Liver,   pork:      115-230 
Oats:      75;    soybeans:      190 
Spinach:     35'* 
Wheat  bran:      80 


Niacin, 


Beef,   lamb,   pork:      2.6-5.2 
Fish6,   poultry,   veal:      5. 6-10. 5 
Liver,  all  kials:     13.7-16.9 
Peanuts:      l6.2 

Wheat,  other  grain  products,  whole  or  en- 
riched:  2-5 


Pantothenic 
acid,  mg 


Beans,  lima,  dry:  0.8 
Brains,  beef:  2.1-2.9 
Broccoli:   l.U;  mushrocns:   1.7 

5s:   2.7;  liver,  beef  and  pork: 
Peanuts,  roasted;   2.5 
Wheat  bran;  2.1t 


5.7-8.2 


Fyridoxine,  og 


cabbage;  peanuts,  roasted; 
sweetpotatoes;   0.5 
Beans,  lima,  dry;  0,5 
Halibut:   0.1 

Uver,  beef:   0.8;  pork  loin:  0.1-0. 5 
Wheat,  whole:   0.2;  wheat  gem:  0.6 


RlboflaTlne,  mg 


Eggs;      0.3 

Greens:    collards,  kale,   turnip: 
Uver,   all  kinds:      2.5-5.9 
Meats,   poultry:      0.1-0.5 
Hilk:      0.2 


0.5-0.5 


Thiamine,  mg 


Legumes,  mature,  dry;  0. 5-1.1 
Nuts;   treenuts,  peanuts;  O.g-0.9 
Pork;  0.5-0.8 

BrtTwn  rice,    rye,   com:      0.5-0.1* 
Whole  wheat,   oatmeal:      0.'*-0.6 


Calcium,  mg 


Cheese:     Cheddar   type;      67O-725 

Fish,   canned  with  edible  bone:      150-ltOO 

Greens:      collards,   kale,  mustard,   turnip: 

220-259 
Milk;      118 
Soybeans,   soy  flours:      195-265 


Iron,  mg 


Egg  yolk;   7.2 

Greens:   collards,  kale,  mustard,  spinach, 

turnip:      1.6-5.0 
Legimies,  mature,   dry:      l*. 7-8.0 
Uver,    all  kinds:      6.6-18.O 
Wheat:      5.0-'l.3 


/l/  Kllocalorles.  /2/  Values  are  expressed  in  terms  cf  p-carotene  but  Inclxide  all  substances  having  vitamin  A  activity.  O.OOO6 
mg  p-carotene  or  O.OOO5  vitamin  A  alcohol  =  one  I.  U.  /5/  Include  blackberry,  blueberry,  gooseberry,  loganberry,  raspberry, 
strawberry.  /U/  Quantitative  data  not  available.  /5/  0.0S5  Mg  '  one  I.  U.  /6/  Include  Atlantic  mackerel,  halibut,  salmon, 
swordfish. 
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57.  NUTRIENT  SOLUTIONS:  HIGHER  PLANTS 

Distilled  or  deionized  water  should  "be  used 
wherever  possible  and  the  initial  volume  of  the 
solution  should  be  maintained.   To  avoid  seri- 
ous depletion,  the  solution  is  renewed  as  often 
as  necessary.  The  frequency  of  renewal  depends 
on  the  volume  of  the  solution  in  relation  to 
the  mass  of  growing  plant  material  and  environ- 
mental conditions. 

Compoimd 

Solution 

Hoagland,   D.R., 

and  Arnon ,  D . I . , 

I950I 

Robbins,  W.R., 
I952I 

mg/L 

mg/L 

(A) 

(B) 

c) 

1 
2 
5 

l4 

J 

H3BO3 

Ca(N03)2.1+H2( 
CUSOJ+.5H2O  _ 
FeS01+.7H20^'- 
MgSOli .  7H2O 

2.86 

)    9^+5 

0.08 
^     5 
1+95 

0.57 
1181 
O.OU 

2.U9 
1+95 

6 

7 
8 

9 
LO 

MnCl2.'+H20 

MnS0i+.UH20 

H2M0OI+.H2O 

NHI1H2PO4 

KH2P0i^ 

1.81 

0.02 
115 

1.02 
0.02 

156 

LI 
L2 
13 

KNO5 
K2SO4 
ZnSOi^ .  7H2O 

606 

0.22 

5I+8 

0.22 

/l/  Among  other  satisfactory  solutions  are  those 
of:  Withrow,  R.  B. ,  and  Withrow,  A.  P.;  Shive, 
J.  W. ,  and  Robbins,  W.  R.;  Thimann.  K.  V.,  and 
Edmondson,  Y.  H.;  Chapman,  H.  D.;  -.rown,  S.  M. , 
and  Rayner,  D.  S.;  Haas,  A.  R.  C,  Steinberg,  R. 
A.;  Smith,  P.  F.;  Stewart,  W.  D. ,  Youden,  W.  J., 
and  Arthur,  J.  M.  /2/  To  be  added  twice  weekly 
or  as  indicated  by  the  appearance  of  plants.  /5/ 
Equivalent  amounts  of  iron  may  be  supplied  as  or- 
ganic iron  salts,  i.e., iron  tartrate  or  K-Fe-eth- 
ylene  diamine  tetra-acetate. 
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59.  CULTURE  MEDIA:  FUNGI 

Fungi  require  oxygen,  obtainable  from  gas  dissolved  in  the  culture  medium,  or,  in  the  case  of  surface  growth, 
from  the  atmosphere.  An  organic  source  of  carbon  is  required.  Most  species  can  utilize  ammonium  nitrogen, 
and  many  also  nitrate  nitrogen.  An  occasional  species  may  be  unable  to  synthesize  a  specific  amino  acid. 
Most  fungi  can  synthesize  all  vitamins  they  require. 

^ ^^^      Organism 

Constituents    ^~"~'^~-~-.,_,_^^ 

Aspergilli 

and 
Penicillial 

Basidiomycetes 

Wood  Rotting 

Types2 

Neurospora3 

Saccharomyoes 

cerevisiae 

(Certain 

Strains )^ 

mg/liter 

mg/liter 

mg/liter 

mg/liter 

(A) 

(B) 

(C) 

(D) 

(E) 

1 
2 
3 
A 

5 

6 

7 

8 

9 

10 

11 
12 
13 
U 
15 

16 
17 
18 
19 

20 
21 

22 
23 

2i, 
25 
26 

27 
28 

Salts 

Ammonium  molybdate ,  ( NH.;  )6Mo7024  •  4H20 
Ammonium  nitrate,  NH<iN03 
Ammonium  ortbophosphate,  di-H,  NE;H2P0<; 
Ammonium  tartrate,  {^\^^)2'^l^k,% 
Boric  acid,  H3BO3 

Calcium  chloride,  CaClj 
Copper  sulfate,  CuS04'5H20 
Ferric  chloride,  FeCl3-6H20 
Ferrous  sulfate,  FeS04-7H20 
Magnesium  sulfate,  MgS04-7H20 

Manganese  chloride,  MnGl2'4H20 
Potassium  chloride,  KCl 
Potassium  ortbophosphate,  mono-H,K2HP0^ 
Potassium  ortbophosphate,  di-H,KH2P04 
Sodium  chloride,  NaCl 

Sodium  molybdate,  NagMoOlt 
Sodium  nitrate,  NaN03 
Zinc  chloride,  ZnCl2 
Zinc  sulfate,  ZnS04-7H20 

10 
500 

500 
1,000 

5,000 

0.018 

0.57 

0.059 

0.15 
500 

0.056 
1,500 

0.31 

1,000 
5,000 

0.057 

100 

0.597 
0.960 

0.98o5 

500 
0.072 

1,000 
100 

0.042 

k.2 
8.86 

6,000 

0.097 
0.72 

250 

200 

1.8 

Carbohydrates 

Glucose 
Sucrose 

50,000 

10, 000 

15,000 

10, 000 

Amino  Acids 

Asparagine 
Glutamic  acid 

l,26o8 

2,500 

Vitamins? 

Biotin 

Pyridoxine-HCl 

Thiamine-HCl 

1.0o5 

0.005 

0.02 

1.0 

U.O 

Other  Cons titu tents                                     | 

Calcium  pantothenate 
Sodium  citrate 

1,000 

/l/  Dox's  modification  of  Czapek's  medium.  /2/  Minimal  medium  for  shake  culture.  /5/Medlum  for  wild-type  strains. 
/U/  Variation  in  strains  and  cultural  conditions  require  variation  in  composition  of  solution.  See  bibliographic 
reference.  /5/  May  be  substituted  for  constituent  8D.  /6/  May  be  substituted  for  constituent  i8d.  /7/  Certain 
strains  of  Saccharomyces  cerevisiae  require  also  nicotinamide  and  para-amlnobenzolc  acid.  /8/  Same  amount  of 
asparagine  may  be  used  In  place  of  glutamic  acid.  /9/  Thiamine  required  by  most,  but  not  all,  wood-rotting  basid- 
iomycetes. Some  require  biotin  and/or  riboflavlne. 
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60.     CULTURE  MEDIA:    ALGAE 

The  atmosphere  provides  sufficient  carbon  for  growth  of  most  spec 

Les   in  light.    In  laboratory  cultures, how- 

ever,   most  species  give  better     rates  and  yields  of  growth  If  1-5^  COg  In  al 

r  is  bubbled     through  the  cul- 

ture.     For  those     algae  that  can  be  cultivated  In  darkness  an  organic     source  of  carbon 

must  be  provided. 

Oxygen  Is  utilized  from  the  atmosphere.     Water  serves  as  the  source  of  hydrogen  and  as 

a  sufficient  source 

also  of  oxygen  in  the  case  of  mflny  blue-green  algae,  which  are  capable  of  good  growth  under  anaerobic  con-     | 

ditions  even  if  sulfide   Is  present.     Beneficial  use  of  such  chelating  agents 

as  ethylenediaminet' .traacetlc 

acid  (EDTN),  will  permit  the  safe  use  of  mlc 

ronutrients   in  greater  concentration,   and  often  Improve  growth     | 

significantly. 

i 

~^     -— ^__^_^              Medium 
Compound                          ^- — .^^^^ 

General^ 

«yers2>5 

Allison'' 

Emerson 
Lewis5 

Chu 

No.    105 

Allen5>6 

Artificial 
Sea  Water7 

mg/100  ml 

mg/100  ml 

mg/100  ml 

mg/100  ml 

mg/100  ml 

mg/100  ml 

mg/100  ml 

(A) 

(B) 

(C) 

fD) 

(El 

(F) 

(G) 

In) 

—1 
1 

Ammonium  chloride,   NH4CI 

0.0022^ 

0.0022® 

0.0022® 

o.ooaa® 

0.0022® 

0.0022® 

2 

Ammonium  metavanadate ,  NHi|VO^ 
Boric  acid,   H5BO3 

5 

0.2869 

0.2869 

0.2869 

0.2869 

0.2869 

0.2869 

It 

Calcium  chloride,   CaClg 

1*-1*0 

2 

5 

5 

Calcium  nitrate,   CaCNOjjg 

1* 

6 

Calcium  sulfate,   CaSOlj 

lOlO 

100 

7 

Chromic  potassium  sulfate. 

0.019^ 

0.019® 

Cr2K2(S04)lt.2l*HgO 
Citric  acid,  CsSqO-j 

0.019® 

0.019® 

0.019® 

0.019® 

8 

9 

Cobalt  nltrate(ous    ,   Co(N05)2.6H20  0.001*9» 

0.001*9® 

0.001*9® 

0.001*9® 

0.001*9® 

0.001*9® 

LO 

Copper  sulfate,    CuSOj^.SHgO 

0.0079 

0.00799 

0.00799 

0.00799 

0.00799 

0.00799 

LI 

Ferric  chloride,  FeClj 

1-2 

0.5 

L2 

Ferric   citrate 

0.5 

L5 

Ferric  sulfate,   FegCSOij)^ 

5 

11* 

Ferrous   sulfate,   FeSOi^ 

0.1* 

Trace 

L5 

Magnesiian  chloride,  MgClg 

370-500 

16 

Magnesium  sulfate,   MgS04.7H20 

10-1*0 
0.181^ 
0.0015° 
0.001*8*^ 

250     „ 

0.l8l9 

0.0015® 

0.001*8® 

"■'«'', 

0.0015® 

0.181^„ 

25                 Q 

170-500 

1-7 

Manganese  chloride,  MnCl2. 1*1120 

0-181  0 

18 

Molybdenum  oxide,  MoO, 
Nickel   sulfate,   NiSOij.eHgO 

0.0015° 

0.0015° 

0.0015° 

L9 

0.001*8® 

0.001*8° 

0.001*8® 

0.001*8® 

20 

Potassium  chloride,  KCl 

70-1000 

21 

Potassium  nitrate,  KMOi 
Potassium  orthophosphate ,  mono-H, 

20-100 

120 

100 

22 

K2HP0i^ 

10-1(0 

50 

1 

25 

25 

Potassium  orthophosphate ,  dl-H, 
KH2POJ, 

120 

100 

2l* 

Sodium  carbonate,   Na2C0, 
Sodium  chloride,  NaCl 

150 

2 

25 

20 

2600-5000 

26 

Sodium  citrate 

20 

27 

Sodium  metaslllcate,   Na2Si0, 
Sodium  nitrate,   NaNQj 
Sodium  tungstate,   Na2W0i,.2H20 
Titanium  oxysulfate,   TiOSOj^ 

2-5 

28 

0.0017® 

0.0058 

0.0022=* 

100 

29 

0.0017® 
0.005®^ 
0.00229 

0.0017® 
0.005®„ 
0.0022^ 

0.0017® 

0.005® 

0.0017® 
0.0058 

0.0017° 
0.005®„ 

50 

51 

Zinc   sulfate,   ZnSOj4..7H20 

0.00229 

0.00229 

0.00229 

/l/  The  ranges  of  the  concentrations  of  compounds  as  given  in  column  B  Include  the  quantities  specified  for 
the  media  of  Knop,  Benecke,  Molisch,  Mlquel,  and  Beijerinck.  These  have  been  widely  used  for  cultivation  of  re- 
latively hardy  green  and  other  algae.  Differences  between  these  media  are  probably  not  significant  for  most 
purposes.  Ca(N05)2  or  NHljNOj  may  be  substituted  for  KNO3  (a  few  algae  require  ammonia  nitrogen);  KHgPOl;  may  be 
substituted  for  K2BP0i|  for  those  algae  which  prefer  an  acidic  environment;  CaSOi(  may  be  used  Instead  of  CaCl2, 
and  FeSOl^.  may  replace  FeCl2.  Addition  of  0.1^  glucose  and  0.2^  beef  extract  is  useful  for  maintenance  of  stock 
cultures.  For  marine  algae  natural  sea  water  or  artificial  sea  water  (cf .  column  H)  may  be  used  with  the  nedlum. 
/2/  Medium  Is  excellent  for  the  widely-grown  Chlorella.  pH  adjusted  to  l*.5-6.8.  MgS0i^.7H20  may  be  reduced  to  50 
to  prevent  precipitation  on  autoclaving.  Carbon  is  best  provided  by  passing  5^  CO2  In  air  through  the  cuJ.ture. 
/?/  Similar  media,  e.g.,  Warburg's  and  Emerson's  are  available  in  the  literature  (ref.  10,11).  /I*/  Used  in  the 
cultivation  of  the  nitrogen- fixing  algae.  Drewes'  medium  which  is  similar  is  available  in  the  literature 
(ref.  2).  /5/  Used  for  the  cultivation  of  planktonic  algae  (blue-green,  greens,  diatoms).  Similar  media,  e.g., 
Richter's,  Pringshelm's,  and  Harden's  are  available  in  the  literature  (ref.  2).  /6/  The  addition  of  100  mg/lOO 
ml  sodium  glutamate  is  desirable  for  some  algae.  /7/  The  formula  Includes  various  artificial  sea  water  media, 
e.  g.,  Perrler's,  Herbst's,  and  Pringshelm's.  /8/  Not  specified  as  part  of  named  solution,  but  added  as  a  com- 
ponent of  Arnon's  micronutrlent  solution  B7,  for  beneficial  effect  on  growth.  /9/  Not  specified  as  part  of 
named  solution,  but  added  as  a  component  of  Arnon's  micronutrlent  solution  Al*,  for  possible  beneficial  effect 
on  growth.  /lO/  Also:  100- 5OO  mg/lOO  ml,  CaCOj. 
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61.     CULTURE  MEDIA:    CERTAIN  BACTERIA 

Values  are  ug  of  the  nutrient  per 

liter  of  cultiu«  solutl 

on. 

OJ 

\.        Organism 

:3   a 

•a  lO 
3     1 

■g 

**  H^ 

rH 

a 

3 

3 

rH  3 

0  t- 

3  K\ 

(J 

a 

a  'H 

^  o 

0  f-i 

0    « 

3  Vi 

-t  0 

C 

a 

a  CO  t— 

+J  0 

0  ~* 

m  r-l 

^  c: 

0  a 

^  c 

3  c  Oi 

ID     >     C 

U    i-t 

3    -H 

3^ 

aj  ^ 

•3^ 

V 

CJ 

U   T^  K\ 

82^ 

0  to 

^  «~> 

.0  f> 

u 

-M      0) 

V>     CJ 

-H  43 

g*^ 

0  a 

S5 

0] 

V 

t}    U  Ti 

0  ♦J    V. 

p.   V 

•r^     0 

♦J    u 

.-) 

^t^ 

0  ^  *J 

9t   (d 

s  ° 

P3 

10 

300 

k  •%-• 

Component  6                 \, 

(Q 

5 

.-J 

J 

J 

J 

.s 

Ol 

mg/L 

mg/L 

■"g/L        J 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

(A) 

(B) 

(C) 

fD) 

(E) 

(F) 

(G) 

(n) 

(I) 

fjl 

: 

Amino  acids 

5 

Ai  anine 

1,000 

1,000 

100 

200 

200 

100 

100 

500 

£ 

Arglnlne.HCl 

llOO 

uoo 

100 

llOO 

200 

100 

200 

1*00 

3 

Aspora^lne 

2,000 

ItOO 

1*00 

200 

uoo 

500 

U 

Aspartlc  acid 

1,000 

1,000 

1*00 

200 

200 

1*00 

100 

500 

Cysteine 

800 

uoo"* 

50 

i 

Cystine 

200 

200 

200 

1*00 

1*00 

200 

1 

Glutamic  acid 

2,000 

2,000 

2,000 

1*00 

llOO 

1*00 

1*00 

300 

1,000 

E 

Glutamlne 

100 

c 

Glycine 

100 

100 

100 

200 

300 

100 

100 

100 

IC 

Histidlne.aCl 

200 

200 

100 

200 

200 

100 

50 

200 

U 

Hydroxyprol  i  ne 

50 

i: 

Isoleuclne 

200 

200 

100 

200 

300 

100 

125 

200 

i: 

Leucine 

200 

200 

100 

1*00 

100 

100 

125 

200 

1* 

Lysine. HCl 

1.00 

1*00 

200 

1*00 

600 

200 

200 

1*00 

i; 

Methionine 

200 

200 

100 

200 

100 

100 

50 

200 

i« 

Horleuclne 

200 

n 

I%enylalanlne 

200 

200 

50 

200 

500 

50 

50 

200 

If 

Proline 

200 

200 

50 

1*00 

50 

100 

1.00 

i< 

Serine 

200 

200 

50 

200 

100 

50 

25 

500 

ac 

Threonine 

200 

200 

100 

200 

100 

100 

100 

200 

SI 

Tryptophan 

200 

200 

100 

1*00 

50 

100 

20 

200 

a 

Tyrosine 

200 

200 

100 

1*00 

uoo 

100 

100 

200 

2; 

31 

Valine 

200 

200 

100 

200 

200 

100 

125 

200 

Vi  taml  ns 

D-Blotln 

0.02 

0.001 

0.01 

0.01 

0.005 

0.005 

0.01 

0.01 

0.01 

a; 

Choline. CI 

10 

5 

» 

Cobalamln 

o.ooi* 

0.01 

0.002 

21 

Folacin 

o.oe 

0.01 

O.OI 

0.01 

0.005 

0.055 

0.01 

0.01 

0.02 

se 

L-Inositol 

10 

20 

2S 

Niacin 

2 

0.5 

1 

1 

h 

1 

1 

1 

1 

5C 

DL-Ca-pantothenate 

It 

1 

1 

0.5 

2 

1 

0.5 

0.5 

0.5 

51 

PantethlneS 

200 

52 

Para-amlnobenzolc  acic 

0.02 

0.001 

0.2 

0.1 

2 

o.oi* 

0.1 

0.1 

0.2 

5; 

Pyridoxlne.HCl 

2 

2 

0.5 

2 

0.5 

1 

0.5 

51- 

Pyrldoxamlne.HCl 

2 

O.lt 

0.5 

y. 

Pyrldoxal.HCl 

0.2 

0.5 

2 

0.5 

0.3 

5< 

Pyridoxal  phosphate 

1 

1 

5T 

Rlboflavlne 

u 

0.1 

1 

0.5 

2 

1 

0.5 

0.5 

0.5 

59 

Thiamine.  HCl 

u 

1 

1 

0.5 

10 

1 

0.5 

0.5 

0.5 

Salts^ 

CaCl2 

5 

100 

UC 

FeClj 

20 

Uj 

Fe30ij 

7 

22 

5.5 

5.5 

t).5 

5.5 

5.5 

15 

*2 

KCl 

llOO 

o 

KCN 

0.25 

)ll 

KH2POI1 

5,120 

500 

500 

2,000 

500 

600 

*•: 

KsHFOi, 

5,000 

500 

500 

2,000 

500 

600 

5,000 

/I/  The  mediimi  given  is  also  suitable  for  L.  easel,  L.  delbrueckil,  L.  fennenti ,  L.  brevls  (1-arblnose  Is  to  be  substituted  for 
glucose),  and  Leuconostoc  mesenterlodes.  /2/  The  medium  given  is  also  suitable  for  Leuconostoc  mesenteriodes  strain  P-60  (os- 
partic  add  is  to  be  substituted  for  asparglne),  and  Streptococcus  faecalis  strain  R.  /5/  Values  given  are  for  DL-lsomers.  For 
the  l-isoner  foiBS,  one-half  the  aiDOunt  indicated  Is  used.  /■*/  As  cysteine  hydrochloride.  /5/  N-(pantothenyl) -p-amlnoethane 
disulfide.     /6/  Anhydrous  salts  or  ccmparable  quantity  of  salts  Incorporating  water  in  the  molecule. 
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61.     CULTURE  MEDIA:    CERTAIN  BACTERIA 

(Concluded) 

Values  are  mg  of  the  nutrient  per 

Liter  of  cultuiie  solution. 

"X 

OJ 

^s.       Organl  sm 

V 

m>-i 

<o  ir\ 

g 

^3 

.H 

« 

d  M-\ 

ID    r-1 

^  o 

3'a 

m 

H    O  t— 

*^  o 

O  -H 

^■3 

33 

"•3*^ 

o 

as 

§•& 

o  a 

Si 

t  s 

•H 

M 

•^1J§ 

O   -H   +J 

0} 

Components                 \. 

s 

K 

s 

J 

J 

.-3 

J 

S 

CO 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

U6 

Salts^     (concluded) 

MgSOi, 

500 

ko 

590 

98 

98 

681. 

96 

98 

250 

1.7 

MnSOl, 

15 

87 

21.8 

6.8 

203 

21.8 

10.9 

30 

W 

NaCl 

300 

1.0 

10 

10 

10 

10 

15 

ks 

NagSOi, 

It, 000 

yj 

NHljCl 

280 

5,000 

50 

2,500 

51 

(NHi,)2HP0i, 

8,000 

5a 

53 

ZnClg 

10 

Carbohydrates 

Glucose 

1,000 

20,000 

20,000 

10,000 

20,000 

20,000 

25,000 

20,000 

^ 
y. 

Sucrose 

100,000 

Purines  and  Pyrlmldines 

Adenine  sulfate 

ItO 

10 

10 

10 

10 

5 

10 

10 

10 

5< 

Cytldyllc  acid 

10 

5i 

Guanine. HCl 

ItO 

10 

10 

10 

10 

s 

10 

10 

5t 

Uracil 

uo 

10 

10 

10 

10 

s 

10 

10 

5S 

Uridine 

0.2 

faC 

6: 

Xanthine 

UO 

10 

10 

10 

8 

10 

10 

Other  Compounds 

Citric  acid 

2,000 

b£ 

Sodium  acetate 

6,000 

1,000 

20,000 

6,000 

5,600 

20,000 

20,000 

5,000 

^l 

Sodium  citrate 

20,000 

5,000 

5,000 

:A 

Sodium  ethyl  oxalacetf 

ite 

500 

100 

&: 

Glutathione 

20 

56 

Coenzyme  I 

0.1-' 

>7 

Tween  80 

100 

1 

1,000 

10 

jt 

Putrescine 

500 

>9 

Retlculogen" 

0.1.9 

/!/  The  medium  given  Is  also  suitable  for  L.  easel,  L.  delbrueckll,  L.  ferment!  ,  L.  brevls  (L-arblnose  Is  to  be  substituted  for 
glucose),  and  Leuconostoc  mesenterlodes .  /2/  The  medium  given  Is  also  suitable  for  Leuconostoc  mesenteriodes  strain  P-60  (as- 
partlc  acid  Is  to  be  substituted  for  aspargloe),  and  Streptococcus  faecalls  strain  R.  /6/  Anhydrous  salts  or  ccnparable  quan- 
tity of  salts  incorporating  water  in  the  molecule.  /^/  Added  aseptlcally  to  medium.  /8/  A  product  of  Ell  lily  Company.  /9/ 
As  ml  per  liter  of  medium. 
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63.     CHEMICAL  ELEMENT  COMPOSITION  AND  NEUTRALIZING 

ACTION- 

ORGANIC  FERTILIZERS 

Values,   with  the  exception  of  those  for  neutralizing  action,   are  grams  per  100  grams  of  air-dry  fertilizer  material. 
It  should  be  understood  that  although  these  values  are  regarded  as  typical,   vide     variation  is   to  be  expected  In  the 
composition.       Values  for  neutralizing  action  are  approximate     only  and  their  validity  Is  questionable  under  working 
conditions . 

Fertilizer  Material 

Elementsl 

Neutralizing 
Action 

Calcium^ 

Magne- 
sium'' 

Nitrg- 
gen' 

Phos- 
phorus5 

Potas- 
sium" 

Sulfur' 

Acidi- 
fying 
Action 

Alkalin- 
izing 
Action 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

e/100  g 

Unlts^ 

Units9 

(A) 

(B) 

rcr~ 

(D) 

(E) 

m — 

(G) 

(H) 

(I) 

1 

a 
k 

Animal  By-products 

Blood,   dried 

Bone  meal,    raw 

Bone  meal,   steamed 

Fish  scrap  or  meal,  dried 

Hoof  and  horn  meal 

O.U 
22.5 
2}. 6 

6.1 
1.8 

0.6 
0.3 
0.5 

15.0 
U.O 
2.5 
9.5 

lU.O 

0.9 
9.8 
10.9 
5.1 
O.'i 

0.8 

0.2 
0.2 
0.2 
0.3 

25 

!io 

20 
25 

t 

£ 
9 

LO 

Tankage 

Tankage,  process 
Whale  guano  or  tankage 
Wool  waste 

11.1 
O.lt 
6.1. 
O.U 

0.3 
0.5 

7.0 
9.0 
9-5 
5-5 

U.U 
0.2 
2.8 
0.2 

O.U 
1.7 

O.U 
O.U 

16 
It 

15 

Animaa  Excreta 

Guano,  bat 

5.1* 

0.5 

8.5 

2.2 

1.2 

0.8 

+10 

11 
12 

15 

Guano,   Peruvian 
Manure,   cattle 
Manure,  horse 
Manure,   poultry 
Manure ,    sheep 

7.9 
2.9 
1.1 
2.9 
3.6 

0.6 
0.6 
0.6 
0.6 
1.2 

15.0 

2.0 
2.0 
5.0 
2.0 

5-2 
0.7 
0.7 
1.5 
0.7 

2.1 
1.7 
1.2 
1.2 
2.5 

l.U 
0.2 
0.2 
0.8 
0.6 

15 
+10 

+11 
+11 

+11 

16 
17 

l8 
19 
!0 

Sewage  sludge,  activated 
Sewage  sludge,  dried 

1.8 
1.8 

0.9 
0.5 

6.0 
2.0 

1.5 
0.9 

O.U 

O.U 
0.2 

10 
+10 

Plant  Residues 

Castor  pomace 
Cocoa  shell  meal 
Cottonseed  hull,  ash 

O.U 
1.1 
6.8 

0.5 
0.5 
5.0 

5.5 

2.5 

0.7 
O.U 
2.U 

1.2 

1.7 

2?.U 

1.0 

6 

2 
55 

n 

?5 

Cottonseed  meal 
Garbage  tankage 
Kelp,   Pacific 
Linseed  meal 
Peat,  moisture-free 

O.U 
3.2 

1.1 
O.U 
0.7 

0.3 
0.3 
0.6 
0.6 
0.5 

7.0 
2.5 
2.5 
5-5 
2.0 

1.5 
1.5 
0.7 
0.9 

1.7 

0.8 

12.5 

1.2 

0.2 
O.U 
1.0 
O.U 
0.2 

10 
+12 

7 
+  12 

27 
28 
29 
50 

Seaweed,  dried 
Soybean  meal 
Tobacco,   ash 
Tobacco  stems 
Wood  ash,   commercial 

2.1 
O.U 

15.7 
5.6 

23.2 

0.6 
0.5 
5.6 
0.5 
2.1 

1.5 

7.0 

2.0 

0.2 
0.7 
1.5 
0.2 
0.9 

1.7 
2.1 
19.1 
5.0 
U.2 

l.U 
0.2 

O.U 
O.U 

+10 

+11 
25 
+11 

/l/  Data  represent  the  total  amount  present.  /2/  Calcium  x  1.5992  =  calcium  oxide,  CaO.  /5/  Magnesium  x  1.6579  = 
magnesium  oxide,  MgO.  /U/  Nitrogen  x  6.0683  =  sodium  nitrate,  NaNOj.  /5/  Phosphorus  x  2.291U  =  phosphorus  pent- 
oxide,  PgO^.  /6/  Potassium  x  1.20U6  =  potassium  oxide,  KgO.  /7/  Sulfur  x  2.U969  =  sulfur  trloxide,  SO5./8/  Grams 
of  calcium  carbonate,  CaCOj,  required  to  neutralize  the  soil  acidity  resulting  from  the  use  of  100  grams  of  the  ferti- 
lizer material.  /9/  Grams  of  calcium  carbonate  that  correspond  in  acid -neutralizing  power  to  100  grams  of  the  ferti- 
lizer material.  That  is,  a  material  having  an  alkallnlzlng  action  of  20,  e.g.,  bone  meal.  Indicates  that  100  grams  of 
this  material  applied  to  the  soil  would  be  equivalent  to  20  grams  of  calcium  carbonate  for  neutralizing  soil  acidity. 
/lO/  The  material  is  acidic,  /ll/  The  material  is  basic.  /l2/  Some  peats  are  acidic,  others  basic. 
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64.     SOIL 

pH  REQUIREMENTS:     PLANTS 

Plant  growth  is  best  at  the  optimum  pH  (col.   B)   and  only  fair  at  the  limits  of  the  range   (col.   C 

) 

Species 

Soil  pH 

Species 

Soil  pH 

Optimum 

Range  <=^ 

Optimum 

RangeC 

(a) 

(B) 

(C)       1 

(A) 

(B) 

(C) 

1 

Field  and  Forage  Crops 

51 

Fruit  and  Vegetable  Crops   (concluded) 

Alfalfa  (Medlcago  sativa) 

6.0-7.5 

5.5-8.5 

Tomato   (Lycopersicon  esculentum) 

5.5-7.5 

2 

Barley  (Hordeum  vulgare) 

6.5-7.5 

5.5-8.5 

)2 

Turnip   (Brassica  rapa) 

5.5-7.0 

5 

It 

Beet,   Eugtu-  (Beta  vulgaris) 
Bluegrass,  Kentucky   (Poa  pratensis) 
Buckwheat   (Fagopyrum  esculentum) 

6.5-8.0 
5.5-7.5 
5.5-7.0 

5.5-8.5 
4.5-8.0 

53 

Watermelon    (Citrullus  vulgaris) 

5.5-6.5 

5.0-8.0 

Ornamental  Shrubs   and  Herbaceous   Plant 

s 

9> 

Afrlcein  violet   (Saintpaulia 

6 

Clover,  red   (Trifolium  pratense) 

6.0-7.5 

5.5- 

ionantha) 

6.0-7.0 

7 

Clover,  white   (T.   repens) 

5.5-7.0 

5.0- 

y. 

Aster,   China  (Calllsteiiius 

8 

Cotton  (Gossyplum  hirsutum) 

5.0-6.0 

-8.5 

chlnensis) 

6.5-7.0 

5.5- 

9 

Flax   (Linum  usitatlssimum) 

5.0-7.0 

-8.5 

IQ 

Hemp  (Cannabis   sativa) 

6.0-7.0 

56 

Balsam,   garden  (lurpatiens  balsamlna)6.0-7.5 

5.5- 

57 

Begonia  (Begonia  spp.) 

6.0-7.0 

U 

Oats   (Avena  sativa) 

5.0-7.5 

1*. 5-8.0 

5« 

Camellia  (Camellia  Japonlca) 

'♦.5-5.5 

12 

Peanut   (Arachis  hypogaea) 

5.5-6.5 

-8.0 

5S 

Canna  (Canna  Indica) 

6.0-8.0 

L3 

Redtop   (Agrostis  eilba) 

5.0-6.0 

-7.0 

5c 

Carnation  (Dianthus  caryophyllus ) 

6.0-7.5 

5.0- 

lU 

Rice   (Oryza  sativa) 

5.0-6.5 

-7.0 

15 

Rye   (Secale  cereale) 

5.0-7.0 

It. 5-8.0 

5a 

Chrysanthanum  (Chrysanthemum 
morifolium) 

6.0-7.5 

5.0-8.0 

16 

Sorghum   (Sorghum  vxilgare) 

5.5-7.5 

U. 5-8.0 

32 

Coleus   (Coleus  blumel) 

6.0-7.0 

n 

Soybean  (Glycine  soja) 

6.0-7.0 

5.5- 

53 

Dahlia  (Dahlia  spp.) 

6.0-8.0 

lE 

Sugar  cane   (Saccharum  officinarum) 

6.0-8.0 

5.0- 

yt 

Gardenia   (Gardenia  Jasminoides) 

5.0-7.0 

Lg 

Sunflower  (Helianthus  annuus) 

6.0-7.5 

55 

Geranium  (Pelargonium  domesticum) 

6.0-8.0 

5.0- 

2C 

Sweetclover   (Melllotus  alba) 

6.5-8.0 

5( 

Gladiolus   (Gladiolus   spp. ) 

6.0-8.0 

21 

Tobacco   (Nicotlana  tabacum) 

5.5-7.5^ 

U.5- 

57 

Hibiscus,   Chinese   (Hibiscus  rosa- 

2£ 

Wheat   (Triticum  aestivum) 

5.5-7.5 

5.0-8.5 

58 

sinensis) 
Holly,  English   (Ilex  aqul folium) 
Hyacinth  (Hyacinthus  ori entails) 

6.0-8.0 

Fruit   and  Vegetable  Cr 

ops 

5.0-7.0 
6.5-7.5 

23 

Apple   (Pyrus  malus) 

5.0-7.0 

-8.0 

ro 

Iris,  bearded   (Iris  spp.) 

6.0-8.0 

2ll 

Bean,   lima   (Phaseolua   lunatus  mac.) 

6.0-7.0 

?5 

Bean,   snap  and  wax   (P.   vulgaris) 

6.0-7.5 

Ivy,  English   (Hedera  heUx) 
Kalanchoe   (Kalanchoe  blossfeldlana) 

6.0-8.0 
6.0-7.5 

3( 

Beet,   garden    (Beta  vulgaris) 

6.0-7.5 

5.5- 

u 

Lily,  Easter   (Ulium  longiflorum) 

6.0-7.0 

27 

Blueberry   (Vacclnlum  spp. ) 

1*. 5-6.0 

ju 

Nasturtiimi   (Tropaeolum  majus) 

5.5-7.5 

5.0- 

28 

Cabbage   (Brassica  oleracea  capitata 

6.0-7.5 

-8.5 

r. 

Narcissus    (Narcissus   spp. ) 

5.0-7.0 

29 

Cantaloupe   (Cucumls  melo) 

6.0-8.0 

50 

Carrot    (Daucus   carota) 

5.5-7.0 

5.0-8.5 

H 

Primrose,  evening  (Oenothera 
biennis) 

6.0-8.0 

51 

Celery  (Apium  graveolens  dulce) 

6.0-7.0 

-8.5 

n 

Rhododendron  (Rhododendron  obtusum) 

4.5-6.0 

5£ 

Corn   (Zea  mays) 

5.5-7.5 

5.0-8.0 

78 

Rose   (Rosa  hybrlda) 

5.5-7.0 

5.0-7.5 

53 

Cress,   garden   (Lepidlum 

rg 

Snapdragon  (Antirrhinum  maJus) 

6.0-7.5 

5.0-8.0 

sativum) 

6.0-7.0 

3c 

Spiderwort   (Tradescantia  vlrginiana)  5.0-7.5 

5it 

Cucumber   (Cucumls   sativus) 

5.5-7.0 

-8.0 

5^ 

Lemon   (Citrus   limonia) 

6.0-7.5 

-8.5 

31 

Stock  (Matthiola  incana) 

6.0-7.5 

56 
57 
58 

Lettuce    (Lactuca  sativa) 

Onion   (Allium  cepa) 

Orange,   sweet   (Citrus  sinensis) 

6.0-7.0 
6.0-7.0 
6.0-7.5 

5.5-8.0 

5.0-7.5 

-8.0 

32 

Tulip  (Tulipa  gesneriana) 

6.0-7.0 

-7.5 

Miscellaneous  Trees 

33 

Arborvltae   (Thuja  occidentalls )            6.0-7.5 

5.5-8.5 

59 

Parsley   (Petroselinum  hortense) 

5.0-7.0 

ik 

Aspen,   quaking  (Populus  tremuloides)U.0-5.5 

i*0 

Pea,   garden  (Pisum  sativum) 

6.0-8.0 

35 

Flm   (Ulmus   spp.)3 

6.0-8.0 

It: 

Peach   (Prunus  persica) 

6.0-7.5 

-8.0 

36 

Hemlock   (Tsuga  canadensis) 

5.0-6.0 

-7.0 

lt2 

Pear   (Pyrus  ccamnunis) 

6.0-7.5 

-8.0 

37 

Holly,  American  (Ilex  opaca)                  5. 0-6.0 

1*5 

Pepper   (Capsicum  annuum) 

5.5-7.0 

38 

Locust,  black   (Roblnia  pseudoacacia)6.0-7.5 

iti* 

Pineapple    (Ananas  sativus) 

5.0-6.0 

-7.0 

39 

Magnolia  (Magnolia  grandiflora) 

5.0-7.0 

*5 

Potato   (Solanum  tuberosum) 

5.0-6.52 

-8.0 

?a 

Maple,   sugar   (Acer  saccharum) 

6.0-7.5 

t6 

Radish  (Raphanus   sativus) 

6.0-7.0 

5.0-8.0 

n 

Oak    (^ercus  spp.  )^ 

5.0-6.5 

*7 

Spinach   (Spinacia  oleracea) 

6.0-7.5 

-8.5 

?2 

Oak,   white   (Q.   alba) 

6.0-7.0. 

it8 

Squash,   winter   (Cucurbita  maxima) 

5.5-7.0 

?5 

Pine,   longleaf   (Pinus  pal<istris) 

4.5-5.0 

-6.0 

♦9 

Strawberry   (Fragaria  spp.) 

5.0-6.5 

U. 5-8.0 

?lt 

Pine,   red   (P.   reslnosa) 

5.0-6.0 

'•.5- 

?a 

Sweetpotato   (Ipcanoea  batatas) 

5.0-6.0 

-7.5 

J5 

Spruce,   Sitka  (Picea  sitchensis) 

5.0-6.0 

-7.0 

/l/  For  disease  control,  6.0.  /2/  For  scab  control,  5.4.  /3/  Species  include:  American  elm  (U.  americana) , 
Chinese  elm  (U.  parvifolla).  /4/  Species  Include:  Chestnut  oak  (Q.  montana),  pin  oak  (Q.  palustris). 
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65.  PROXIMATE  CHEMICAL  COMPOSITION  AND  ENERGY 

VALUES:  FOODSTUFFS  OF  ANIMAL  ORIGIN 

Values,  with  the  exception  of  Calories,  are  in  grams  per  100  grams  of 

edible  portion 

of  food- 

stuff,  ready  for  cooking  or  ready  to  eat  If  consumed  uncooked.   Values  of  25  and  above  have 

been  rounded  to  the  nearest  whole  number.  For  mineral  and  vitamin  composition  see  table  66. 

'    ■ — Constituents 

Foodstuff       "   ■ — --______^ 

Energy 
Value! 

Water 

Total 
SolidsS 

Protein 

Fat 

Carbo- 
hydrate 

Ash 

pal/100 g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

g/100  g 

(A)                  (B) 

(c) 

(d^ 

fE) 

(F) 

(G) 

^H^ 

1 

Dairy  Products 

Butter 

716 

15 

85 

0.6 

81 

0.4 

2.5 

2 

Buttermilk,  cultured 

36 

90 

9 

5.5 

0.1 

5.1 

0.8 

3 

Cheese,  cheddar 

398 

37 

63 

25 

52 

2.1 

5.7 

It 

Cheese,  cottage 

95 

76 

24 

19.5 

0.5 

2 

1.5 

e 

Cheese,  cream 

371 

51 

49 

9 

37 

2 

1 

6 

Cheese,  Swiss 

570 

59 

61 

28 

28 

1.7 

5.8 

1 

Cream,  light,  table  or  coffee 

204 

72 

28 

2.9 

20 

4 

0.6 

£ 

Milk,  cov,  skimmed,  pasteurized  &  raw  56 

90 

10 

3.5 

0.1 

5.1 

0.8 

S 

Milk,  cow,  whole,  pasteurized  &  raw   68 

87 

13 

3.5 

3.9 

4.9 

0.7 

IC 

u 

12 

Milk,  goat                    1   67 

87 

15 

5-5 

4 

4.6 

0.7 

Fats  and  Oils 

Lard 

902 

0 

100 

0 

100 

0 

0 

tfeats 

Beef,  brains^ 
Chuck** 

125 

79 

21 

10.4 

8.6 

0.8 

1.4 

13 

221*. 

65 

35 

18.6 

16 

<0.5 

0.9 

U 

Flank"* 

21*7 

61 

39 

19.9 

18 

<0.5 

0.9 

15 

Hamburger* 

521 

55 

1^5 

16 

28 

<0.5 

0.8 

16 

Heart,  lean 

108 

78 

22 

16.9 

3.7 

0.7 

1.1 

n 

Kidney 

11*1 

75 

25 

15 

8.1 

0.9 

1,1 

18 

Liver 

136 

70 

30 

19.7 

3.2 

6 

1.4 

19 

Porterhouse'^ 
Rib  roast'* 

296 

58 

42 

16.4 

25 

<0.5 

0.8 

20 

282 

59 

41 

17.4 

25 

<0.5 

0.8 

21 

Round'* 
Rump 

182 

69 

51 

19.5 

11 

<0.5 

1 

22 

322 

55 

1^5 

16.2 

28 

<0.5 

0.8 

23 

Stew  meat5 

335 

55 

47 

15.8 

50 

<0.5 

0.7 

21* 

Sweetbreads 

541* 

^ 

46 

11.8 

53 

<0.5 

1.1 

25 

Tongue 

207 

68 

52 

16.4 

15 

0.4 

0.9 

26 

Lamb,  chop,  rib 

556 

52 

48 

14.9 

32 

<0.5 

0.8 

27 

Heart,  sheep 

162 

72 

28 

16.8 

9.6 

1 

1 

2£ 

Kldnpy,  sheep 

105 

78 

22 

16.6 

5-5 

1 

1.5 

2S 

Leg  roast 

235 

a 

56 

18 

17-5 

<0.5 

0.9 

3C 

Liver 

136 

71 

29 

21 

5.9 

2.9 

1.4 

33 

b 
Shoulder  roast 

Pork,  bacon^ 

295 

58 

42 

15.6 

25 

<0.5 

0.8 

3i 

650 

20 

80 

9.1 

65 

1.1 

4.5 

33 

Feet 

271 

57 

lf5 

17.0 

22 

<0.5 

0.8 

5J+ 

Ham,  fresh"* 

31*4 

55 

47 

15.2 

51 

<0.5 

0.8 

35 

Ham,  smoked^ 

589 

42 

58 

16.9 

35 

5.U 

/I/  Kilocalorles,  Digestibility  losses  reduce  total  energy  from  protein,  fat  and  carbohyarates 
by  a  small  amovint,  and  loss  in  the  urine  of  incompletely  oxidized  nitrogen  products  further 
reduces  energy  available  from  protein.  Energy  values  have  been  calculated  by  using  these  fac- 
tors for  Calories  per  gram  protein,  fat,  and  carbohydrate,  respectively:  from  milk,  4.27,8.79> 
and  3.87;  for  meat  and  fish,  4.27,  9.02,  and  3.87;  from  eggs,  4.56,  9.02,  and  3.68,  /2/  Values 
rounded  to  nearest  whole  number,  /5/  Data  applicable  to  all  species  of  edible  brains,  /4/  Me- 
dium fat.  /5/  Also  listed  as  "Wholesale  cuts:  plate  emd  brisket,  medium." 
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65.     PROXIMATE  CHEMICAL  COMPOSITION  AND  ENERGY 
VALUES:    FOODSTUFFS  OF  ANIMAL  ORIGIN  (Continued) 

Values,  with  the  exception  of  Calories,  are  In  grams  per  100  grains  of  edible  portion  of  food- 
stiiff ,  ready  for  cooking  or  ready  to  eat  If  consumed  uncooked.  Values  of  25  and  above  have 
been  rounded  to  the  nearest  whole  number.  For  mineral  and  vitamin  can5>ositlon  see  table  66. 


Energy 
Valuel 


Foodstuff 


Cal/100 g g/100  g 


Water 


Total 
Solids' 


g/100  g 


is: 


Protein 


g/100  g 


IK 


Fat 


i/Ioo" 


Carbo- 
hydrate 


i/ioo" 


lal 


Ash 


g/lOO  g 


isr 


HI 


J2L 


in 


Meats  (concluded) 


Heart 

117 

77 

25 

16.9 

k.a 

O.k 

1.1 

Kidney 

lU 

77 

23 

16.5 

k.6 

0.8 

1.2 

Liver 

13h 

72 

28 

19.7 

k.8 

1.7 

1.5 

Loin  or  chops,    fresh 

296 

58 

kz 

16. U 

25 

<0.5 

0.9 

RbU  pork 

785 

8 

92 

5.9 

85 

<0.5 

5.5 

Sniiflage,    link  or  bulk 

li50 

U2 

58 

10.8 

1*5 

<0.5 

2.1 

Rparf   ribfl,   cajined 

351 

53 

1*7 

1U.6 

52 

<0.5 

0,8 

Tenderloin 

IW 

72 

28 

19.9 

7 

<0.5 

1.1 

Tongue 

21U 

66 

3U 

16.8 

15.6 

0.5 

1 

Rabbit,   domesticated 

135 

75 

27 

21.0 

5 

0 

1.1 

Veal,   chops,    loin 

176 

69 

51 

19.2 

11 

0 

1 

Cutlet,   boned  (wholesale  round)^ 

16U 

70 

50 

19.5 

9 

<0.5 

1 

Heart 

153 

76 

2k 

15.lv 

7.1 

0.8 

1.2 

Kidney 

119 

76 

2k 

16.8 

5.2 

0.2 

l.k 

Leg  roast 

186 

68 

52 

19.1 

12.2 

0 

1 

Liver 

lUl 

71 

29 

19 

1^.9 

k 

1.5 

Stew  meat,  boned^ 

231 

61* 

56 

18. 5 

17 

<0.5 

0.9 

Shoulder  roast,   boned  (wholesale 

chuck)'* 

173 

70 

50 

19A 

10 

<0.5 

1 

Venison 

UO 

75 

27 

20 

6 

0 

1 

Poultry 


Chicken,  roasters 

Heart 

Liver 
Duck,  domesticated 
Goose,  domesticated 
Turkey 

Liver 


200 

157 
IIH 
326 
55IV 
268 


66 

70 
70 
5U 
51 
58 


151*    71     29 
Eggs:  Chicken6 


51* 

50 
50 
U6 

1*9 
k2 


20.2 

20.5 

22.1 

16 

16.1* 

20.1 

22 


12.6 

7 

29 
52 
20.2 

1*.8 


<0.5 

1.6 

2.6 

<0.5 

<0.5 

<0.5 


1.5 
1.7 

1 

0.9 

1 


0.7    1.6 


Egg  white 
Egg, whole 
Egg  yolk 


50 

88 

12 

10.8 

<0.5 

0.8 

0.6 

162 

71* 

26 

12.8 

11.5 

0.7 

1 

561 

1*9 

51 

16.5 

52 

0.7 

1.7 

Fish  and  Shellfish 


61 


Clam 


81 


66  Cod  71* 

6T  Crab,  Atlantic  &  Pacific,  hard-shell  86 
6£  Flounder  68 


80 

85 
80 
85 


20 

17 
20 
17 


12.8 

16.5 
16.1 

11+. 9 


l.k 

O.k 
1.6 
0.5 


5.1* 

<0.5 

0.6 

<0.5 


2.1 

1.2 
1.7 
1.5 


/l/  Kilocalories.  Digestibility  losses  reduce  total  energy  from  protein,  fat  and  carbohydrates 
by  a  small  amount,  and  loss  in  the  urine  of  Incompletely  oxidized  nitrogen  products  further 
reduces  energy  available  from  protein.  Energy  values  have  been  calculated  by  using  these  fac- 
tors for  Calories  per  gram  protein,  fat,  and  carbohydrate, respectively:  from  milk,  1*.27,  8.79, 
and  5.87;  for  meat  and  fish,  1*.27,  9-02,  and  5.87;  from  eggs,  1*.56,  9.02,  and  5.68.  /2/Values 
rounded  to  nearest  whole  number.  /!*/  Medium  fat.  /6/  Fresh,  frozen  or  stored. 
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65.     PROXIMATE  CHEMICAL  COMPOSITION  AND  ENERGY 

VALUES:    FOODSTUFFS  OF  ANIMAL  ORIGIN  (Concluded) 

Values,   with  the  exception  of  Calories,   are  In  grams  per  100  grams  of  edible  portion  of  food- 
stuff,     ready  for  cooking  or  ready  to  eat   If  consimied  uncooked.        Values  of  25  and  above  have 
been  rounded  to  the  nearest  whole  number.     For  mineral  and  vitamin  con^josition  see  table  66. 

■ _____^    Constituents 

Foodstuff                ■       - — — _ 

Energy 
Value! 

Water 

Total 
Solids^ 

Protein 

Fat 

Carbo- 
hydrate 

Ash 

;;ai/ioo  g 

g/ioo  g 

g/lOO  g 

g/lOO  g 

g/lOO  g 

g/lOO  g 

g/ioo  g 

(A)                                        1      (B) 

Lc) 

(D) 

_    (E) 

Cf)   _ 

(G) 

(H) 

69 
70 

71 

72 
73 
7k 
75 

76 
77 
78 
79 
80 

Fish  and  Shellfish   (concluded) 

Haddock 
Hal Ibut 

Herring,   Atlantic 

Herring,   Pacific 

Lobster 

Oyster 

Perch,  white 

Salmon,   Pacific   (Chinook  or  King) 

Scallops,   muscle 

Shrimp,   fresh  (without  shell) 

Tima,    canned 

Whlteflsh,    canned 

79 
126 

191 

9k 

88 

8h 

113 

225 
78 

198 
156 

81 
75 

67 
80 

79 
80 
76 

63 
80 

60 
70 

19 
25 

33 
20 
21 
20 

2k 

37 
20 

ko 

30 

18.2 
18.6 

18.3 
16.6 
16.2 
9.8 
19.3 

17.4 
U.8 

29 
22.9 

0.1 
5-2 

12.5 
2.6 
1.9 

2.1 
1+ 

16.5 
0.1 

8.2 
6.5 

<0.5 
<0.5 

<0.5 
<0.5 

0.5 
5.6 

0 

<0.5 
3.k 

<0.5 
0 

l.k 

1 

2.7 

1.3 

2.2 

2 

1.2 

1 
l.k 

2.7 
1.6 

/l/  Kllocalories .  Digestibility  losses  reduce  total  energy  from  protein,  fat  and  carbohydrates 
by  a  small  amount,  and  loss  In  the  urine  of  incon^jletely  oxidized  nitrogen  products  further 
i-educes  energy  available  from  protein.  Energy  values  have  been  calculated  by  using  these  fac- 
tors for  CsLLories  per  gram  protein,  fat,  and  carbohydrate, respectively;  from  milk,  4.27,  8.79, 
and  3.87;  for  meat  and  fish,  k.2'J,  9.02,  and  5.87;  from  eggs,  k.%,  9.02,  and  5.68.  /2/  Values 
rounded  to  nearest  whole  number. 
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66.     MINERAL  AND  VITAMIN  COMPOSITION: 

FOODSTUFFS 

OF  ANIMAL  ORIGIN 

Values  are  milligrams  per  100  grams  edible  portion  of  foodstuff,   ready  for  cooking     or 

ready  to  eat  if  consumed 

uncooked. 

Values  of  25  and  above  have  been  rounded  to  the  nearest  vhole  number.      Imputed  values. 

based  on     inadequate  evidence,  are    | 

enclosed  In  parentheses.        For  ash  content  see  table  65. 

J 

^"^^"■^v..,^^^       Conetltuente 

Minerals 

Vitamins                                                         | 

Vit.   A 

^^^^^^^^ 

Calcium 

Iron 

Phosphorus 

calc.   as 

Ascorbic 
Acid2 

Niacin3 

Riboflavlne 

Thiamine 

Foodstuff           ^■""'-.^^^^ 

3-carotenel 

mg/100  g 

mg/100  g 

mg/100  g 

mg/100  g 

mg/100  g 

mg/100  g 

mg/100  g 

mg/100  g 

(A) 

(B) 

(C) 

(D) 

_       (E) 

(F) 

(G) 

(H) 

(I) 

Dairy  Products 

1   Butter 

20 

0 

16 

1.98'' 

0 

0.1 

0.01 

Trace 

2  Buttermilk,   cultured 

(118) 
7255 

0.1 

93 

Trace 

1 

0.1 

0.18 

O.OU 

5  Cheese,   cheddar 

1.0 

4955 

o.aii 

(0) 

Trace 

0.U2 

0.02 

1*  Cheese,   cottage 

966 
68^ 

0.5 

1896 

(0.01) 

(0) 

(0.1) 

0.51 

0.02 

5  Cheese,   cream 

0.2 

977 

(0.87) 

(0) 

0.1 

0.22 

(0.01) 

6  Cheese,  Svlss 

925^ 

0.9 

5658 

0.87 

(0) 

(0.1) 

(O.UO) 

0.01 

7  Cream,   light,   table  or  coffee       97 

0.1 

77 

0.5 

1 

0.1 

0.1l» 

0.05 

8  Mlli,   cow,   skimmed,   pasteur- 

ized or  raw                            |          125 

0.1 

97 

Trace 

1 

0.1 

Q.I8 

o.ou 

9  Milk,   cow,  whole,  pasteurized 

or  raw 

118 

0.1 

93 

(0.1) 

1 

0.1 

0.17 

o.ou 

10  Milk,  goat 

129 

0.1 

106 

(0.1) 

1 

0.3 

0.11 

o.ou 

Fats  and  Oils 

U  Lard 

0 

0 

0 

0 

0 

0 

0 

0 

Meat 

12  Beef,   brains^ 

16 

5.6 

350 

0 

18 

U.li 

0.26 

0.25 

13       Chuck 

u 

2.8 

167 

(0) 

0 

"•.5 

0.17 

0.08 

II4       Flank 

12 

5.0 

186 

(0) 

0 

U.8 

0.18 

0.09 

It       Hamburger 

9 

2.1l 

128 

(0) 

0 

5.8 

o.iu 

0.07 

It       Heart ,   lean 

9 

h.6 

205 

0.02 

6 

7.8 

0.89 

0.58 

17       Kidney 

9 

7.9 

221 

0.69 

15 

6.1. 

2.55 

0.37 

Ifl       Uver 

7 

6.6 

558 

26 

51 

15.7 

3.33 

0.26 

ig       Porterhouse 

10 

2.5 

15* 

(0) 

0 

5.9 

0.15 

0.07 

20       Rib  roast 

10 

2.6 

11.9 

(0) 

0 

U.2 

0.15 

0.07 

21       Round 

11 

2.9 

180 

(0) 

0 

"..7 

0.17 

0.08 

22       Rump 

9 

2.4 

131 

(0) 

0 

3.9 

0.1k 

0.07 

2}       Stew  meats 

9 

2.U 

170 

0 

0 

'♦.3 

0.12 

0.10 

2l*       Sweetbreads 

lU 

1.6 

596 

25       Tongue 

9 

2.8 

187 

(0) 

(0) 

5.0 

0.29 

0.12 

26  Lamb,    rib^° 

9 

2.2 

158 

(0) 

0 

I..5 

0.18 

0.15 

27       Heart,    sheep 

28        Kidney,    sheep 

15 

9.2 

237 

(0.69) 

15 

7.l» 

2. US 

0.51 

29       Leg  roast^° 

10 

2.7 

213 

(0) 

0 

5.2 

0.22 

0.16 

50       Liver 

8 

12.6 

36U 

30 

33 

16.9 

5.28 

O.ltO 

51       Shoulder  roastlO 

9 

2.} 

155 

(0) 

0 

'».5 

0.19 

O.lU 

52  Pork,  baconl° 

13 

0.8 

108 

(0) 

0 

1.9 

0.12 

0.38 

55       FeetlO 

ik       Ham,   fresh'-" 

12 

5.0 

2U5 

(0) 

0 

5.2 

0.2U 

0.98 

9 

2.5 

168 

(0) 

0 

U.O 

0.18 

0.71. 

55       Ham,   siiokedl° 

10 

2.5 

136 

(0) 

0 

l».0 

0.19 

0.70 

56       Heart 

55 

2.7 

132 

0.02 

6 

6.0 

1.2U 

0.U3 

57       Kidney 

11 

8.0 

2lt6 

0.08 

13 

9.8 

1.7U 

0.58 

5£        Liver 

10 

18.0 

362 

8.52 

25 

16. 7 

2.98 

O.ltO 

59       Loin  or  chops,    fresh 

10 

2.5 

186 

(0) 

0 

U.5 

0.19 

0.80 

UO       Salt  pork 

Trace 

0.6 

Trace"^ 

(0) 

0 

(0.9) 

(O.OU) 

(0.18) 

/l/  Values  are  esqpressed  In  terms  of  p-carotene  but  Include  all  substances  having  vitamin  A  activity.  0.0006  mg  P-carotene  = 
1  I.  U.  vitamin  A.  /2/  Ascorbic  acid  based  for  most  part  on  determinations  of  reduced  ascorbic  acid.  /5/  Niacin  values  were 
derived  from  data  in  the  literature  for  nicotinic  acid,  nicotinamide,  and  other  related  conqxjunds.  /U/  Year-round  average. 
/5/  Also  reported:  calcium  875  mg/lOOg,  and  phosphorus  61O  mg/lOOg.  /6/  Also  reported:  calcium  82  mg/lOOg,  and  phosphorus 
263  mg/lOOg.  /t/  Also  reported:  calcium  298  mg/lOOg,  and  phosphorus  208  mg/lOOg.  /8/  Also  reported:  calcium  1100  mg/lOOg, 
and  phosphorus  8II  mg/lOOg.  /g/  Data  applicable  to  all  species  of  edible  brains,  /lo/  Medium  fat.  /ll/  Also  reported:  phos- 
phorus k2   mg/lOOg, 
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66o     MINERAL  AND  VITAMIN  COMPOSITION: 

FOODSTUFFS 

OF  ANIMAL  ORIGIN  (Conclude 

d) 

Values  are  mllUgrams  per  100  gramfi  edible  portion  of  foodstuff,  ready  for  cooking     or 
Values  of  25  and  above  have  been  rounded  to  the  nearest  whole  number.     Imputed  values, 
enclosed  In  parentheses.        For  ash  content   see   table  65. 

ready  to  eat  If  consumed  uncooked, 
based  on     Inadequate  evidence,   are 

^"^^...^^     Constituents 
Foodstuff          ^~~"^^^^ 

Minerals 

Vitamins                                                       | 

Calcium 

Iron 

Phosphorus 

Vit.    A 

CELlc.    as 

p-carotenel 

Ascorbic 
Acld^ 

Nlacin3 

Rlboflavinc 

Thiamine 

mg/100  g 

mg/100  g 

mg/100  g 

mg/100  g 

mg/100  g 

mg/100  g 

mg/100  g 

mg/100  g 

(A)                         ^ 

(B) 

(C) 

(D) 

(E) 

(F) 

(a) 

(H) 

(l) 

a 

f2 
•5 

»5 

Meat   (concluded) 

Pork  (concluded) 

Saxisage,    ijnitft  or  bulk 

Spare   ribs^° 

Tenderloin 

Tongue 
Rabbit,  domesticated 

6 
8 

29 
20 

1.6 
2.2 

l.U 
1.3 

100 
158 

186 
352 

(0) 
(0) 

(0) 

0 
0 

(0) 

2.3 
3.8 

(5.0) 
12.8 

0.17 
0.17 

(0.29) 
0.06 

0.1*5 
0.71 

0.17 
0.08 

1.6 
*£ 
jO 

Veal,   chops,   loin 
Cutlet,   boned 
Heart 
Kidney 
Leg  roast 

11 
11 

11 

2.9 
2.9 

2.9 

207 
200 

206 

0 
(0) 

0 

0 
0 

0 

6.3 
6.5 

6.3 

0.27 
0.26 

0.27 

0.18 
0.11* 

0.17 

51 
52 
53 

55 

Liver 

Stew  meat,  boned^" 
Shoiilder  roast,  boned 
(wholesale  chuck)'-" 
Venison 

6 
11 

U 

10.6 
2.7 

2.9 

343 
182 

199 

13.5 

(0) 
(0) 

36 

0 

0 

16.1 
6.1 

6.5 

3.12 
0.2U 

0.26 

0.21 
0.13 

0.11* 

Poultry 

Chicken,  roasters 

Ik 

1.5 

200 

0 

0 

8.0 

0.16 

0.08 

56 

57 
58 
59 
60 

Heart 

Liver 
Duck,   domesticated 
Goose,   domesticated 
Turkey^" 

11 
15 
15 
23 

1.7 
7.U 
1.8 
1.8 
5.8 

11*2 
2lt0 
188 
188 
520 

0.02 
19.3 

6 
20 
(0) 
(0) 
(0) 

5.2 
11.8 
5.6 
5.6 
8.0 

0.91 
2.1*6 
0.21* 
0.21* 
O.ll* 

0.12 
0.20 
0.10 
0.10 
0.09 

Si 

62 
6} 
6lt 

65 

Liver 

Egg,    chicken^                                                                                                          j 

Egg  white 
Egg,   whole 
Egg  yolk 

6 

5J» 
11*7 

0.2 
2.7 

7.2 

17 
210 
586 

(0) 
0.68 
1.93 

0 
0 
0 

(0.1) 
0.1 
Trace 

0.26 
0.29 
0.35 

0 

0.10 

0.27 

Fish  and  Shellfish 

Clam 

(96) 

(7.0) 

(139) 

0.07 

(0.1) 

0.18 

0.10 

66 
67 

68 
69 
70 

Cod 

Crab,  Atlantic  and  Pacific 

hard-shell 
Flounder 
Haddock 
Halibut 

10 

(59) 
12 
23 
13 

O.I» 

(0.8) 
0.8 
0.7 
0.7 

191. 

(160) 
195 
197 
211 

0 
0.26 

2 

2.2 

2.7 
1.7 
2.1* 
9.2 

0.09 

0.06 
0.05 
0.08 
0.06 

0.06 

O.ll* 
0.06 

0.05 
0.07 

71 
?2 
7J 

75 

Herring,    Atlantic 

Herring,   Pacific 

Lobster 

Oyster 

Perch,  white 

61 

9U 

1.1 

0.6 
5.6 

256 

I8lt 
1U3 

0.07 
0.06 

0.19 

3.U 
(2.2) 
(1.9) 

1.2 

0.15 
0.22 
0.06 
0.20 

0.02 

0.02 

(0.13) 

0.15 

76 

77 
78 
79 
30 

Salmon.   Pacific  (Chinook  0 

King) 
Scallops,  Buscle 
Shrink),  fresh,  without  she 
Tuna,   canned 
Whitefish,   caooed 

26 
LI         63 
(8) 
150 

(0.9) 
1.8 
1.6 
1.1* 
O.U 

(289) 
208 
166 

(351) 
263 

0.19 
0 
(0.01.) 

0.05 

9 

(0) 
(0) 

7.2 

l.U 

2.2 

12.8 

0.23 
0.10 
O.ll* 
0.12 
0.09 

0.10 
(0.01*) 

0.05 
0.05 

/l/  Values  are  expressed  in  terms  of  g-carotene  but  include  all  substances  having  vitamin  A  activity.  O.OOO6  Dg  p-carotene  - 
1  I.  I),  vitamin  A.  /2/  Ascorbic  acid  based  for  most  part  on  determinations  of  reduced  ascorbic  acid.  /?/  Hiacin  values  were 
derived  from  data  In  the  literature  for  nicotinic  acid,  nicotinamide,  and  other  related  compounds.  /lO/  Medium  fat.  /12/  Fresh, 
frozen  or  stored. 
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67. 

CHEMICAL  COMPOSITION  OF  MILK 

Values  per  100  ml  whole  milk. 

~-^.,^_^      Species 

COTistltuent             — .^^ 

Man 

Cow 

Goat 

Colostrum^ 

Transitional  Milk^ 

Mature  Milk 

Mature 

Milk 

Value 

Range"^ 

Value 

Range° 

Value 

Range"^ 

Value 

Range'' 

Value 

Ranged 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

1 
2 
3 
4 

water,  g 

Calories,  utilizable^ 
Total  solids,  g 
Ash,  g 

87 
57 

12.8 
0.33 

33 -9& 

10-17 
0.2-0.7 

86 
63 
13.6 
0.24 

84-90 

10-16 
0.1-0.4 

88 
65 
12.4 

0.21 

32-90 

10-17 
0.1-0.5 

87 
65 
12.7 
0.72 

80-92 

8-20 
0.3-1.2 

87 
68 

15.1* 
0.77 

81-90 

10-19 
0.4-1.1 

■> 

Protein,   g 

2.7 

1-21 

1.6 

1-3 

1.2 

1-6 

3.3 

2-6 

5.3 

2-5 

6 

7 

8 

9 

10 

Amino  acids, 
total4,  g 
Casein,  g 
Lactalbumin,  g 
Lactoglobulin,  g 
Whey  protein,  g 

1.20 
1.2 

3.5 

1.7 

0.7-i.O 
0.3-5.2 

0.4-13 

0.9'* 
0.7 
0.8 
0.5 

0.6-1.0 
0.4-1.8 

0.2-1.4 

1.28 

0.4 

0.3 

0.2 
0.6 

0.9-1.6 

O.OU-O.T 

0.1-0.6 

<0. 5-1.1 

3.3 
2.3 

0.4 

0.2 

0.6 

2.7-l».l 
1.4-6.3 
0.2-0.6 
0.1-0.4 
0.2-1.4 

2.5 

0.4 
0.3 
1.1 

1.7-3.9 
0.4-0.6 

0.8-2.0 

11 
12 
13 

Carbohydrate,  g 
Fat,  g 

"Essential"  fatty 
acids,  ing5 

5.3 
2.9 

246 

1.1-7.9 
0.7-12.7 

6.6 
3.6 

4.8-8.4 
0.4-9.6 

7.0 
3.8 

5k6 

4.2-9.2 
0.5-9.0 

4.8 
5.7 

99 

2.1-«.l 
0.9-9.8 

4.7 
4.1 

168 

3.3-6.4 
1.2-8.U 

14 
15 

Vitamin  JV,  estimated 

total°,  rag 
Ascorbic  acid,  mg 

0.1 
4.4 

0.02-0.1*7 
0.4-10.4 

0.1 
5.4 

0.06-0.2 
2.7-9.0 

0.06 
4.3 

0.01-0.25 
0-11.2 

O.OU 
1.8 

0.015-0.95 
0.2-3.1 

l.U 

Trace-3.2 

16 
17 
18 
19 

20 

Biotin,  ug 
Choline,  mg 
CobalaminT,  ^g 
Vitamin  D,  calc.   as 

calciferol",  ug 
Vitamin  E,  mg 

0.1 
O.Olt 

1.3 

Trace-0.3 
0.01-0.15 

0.1^ 

0.4 

o.ou 

1.3 

Trace-1.8 
0.00-0.07 

0.5-3 

0.4 
9 

Trace 

0.01 
0.6 

Trace-4.2 
5-14 

0-0.25 
0.1-1 

3.5 
13 
0.56 

0.06 
0.1 

0.2-11.0 

4-28 

0.07-1.15 

0.01-0.1 

6.3 
0.02 

4.7-8.3 
0.00-O.lU 

21 
22 
23 

24 
25 

Folic  acid  group9,  yg 
Inositol,  mg 
Vitamin  K,  calc     as 

Ki^O,  Hg 
Niaclnll,  ug 
Pantothenic  acid,  ug 

0.05 

75 
183 

0.01-0.15 

'10-145 
29-302 

0.02 

175 

288 

0.015-0.025 

60-360 
135-412 

0.2 
39 

2 
172 
196 

0.1-50 
19-56 

0-17 
66-690 
80-584 

0.2 
13 

8 

85 

350 

0.1-5 
3-39 

0-33 

19-150 

155-568 

0.03 

21 

273 
289 

O.OO-O.lU 
14-26 

200-320 
130-358 

26 

27 
28 
29 

Para-aminobenzoic 

acid 
Pyrldoxlne  groupie.  ^ 
Rlboflavlne,   uB 
Thiamine,  ug 

29.6 
15 

12-50 
0.5-82 

33.2 
6 

27-49 
0-26 

11 

42.6 

16 

2-22 
U-100 
<1-1»5 

48 
157 
42 

3-95 
20-342 
51-90 

7 
114 
48 

4-13 
76-6  50 
32-68 

3U 

Calcium,  mg 

31 

13-66 

34 

18-63 

}} 

15-61 

125 

56-381 

130 

103-176 

31 
32 
33 

34 
35 

Chlorine,  mg 
Cobalt,  ug 
Copper,  mg 
Fluorine,  ug 
Iodine,  ug 

91 
0.05 
12 

20-233 
0.02-0.6 
4.5^5 

54 

0.05 
2 

17-116 
0.04-0.07 

43 
0.04 
7 

9-355 

0.01-0.07 
1.-9 

105 
0.06 
0.03 

16 

21 

70-290 

0.003-0.40 
7-28 
0.4-187 

159 
0.04 

56-260 
0.02-0.05^' 

36 
37 
38 
39 
40 

Iron,  mg 
Magnesium,  mg 
Manganese,  ug 
Phosphorus,  mg 
Potassium,  mg 

0.09 
4 

Trace 
14 
74 

0.02->0.15 

1-8 

6-25 
66-87 

0.04 
4 

17 
64 

0.02-0.05 
2-5 

10-32 
53-77 

0.15 

4 

0.7 
15 
55 

0.02-0.45 
2-6 

7-35 
27-31 

0.10 

13 

2 

99 

138 

0.01-1.0 
7-22 
<l-4 
56-129 
38-237 

0.05 
16 

3 
106 
181 

0.01-0.07 

10-24 

7-9 

84-161 

106-242 

41 
42 
43 

44 

Silicon 
Sodium,  mg 
Sulfur,  mg 
Zinc,  mg 

48 
22 
0.62 

2b-136 

20-26 

0.07-0.98 

29 
20 
0.77 

19-54 

15-23 

0.0I*->1.15 

15 
14 
0.53 

2-44 

5-30 

0.02->1.58 

Trace 
58 
30 
0.J8 

31-214 

24-^4 

0.17-0.66 

41 
16 
Trace 

19-60 
2-29 

/l/  ist-5th  day  of  lactation.  /2/  6th-10th  day  of  lactation.  /5/  Kllocalorles,  calculated  on  basis  of  "physiological  fuel 
values"  of  8.80  calories  per  gram  of  fat;  5.85  calories  per  gram  of  carbohydrate  (lactose);  and  lt.25  calories  per  gram  of  pro- 
tein. /U/  Represents  only  the  total  of  values  that  are  available.  Determinations  of  some  individual  amino  acids  have  not 
been  reported  for  certain  types  of  milk.  /5/  Arachldonic,  octadecadlenolc  acid.  /6/  Milligrams  of  carotenoids  x  0.T5  -f  (0.6  x 
U.3),  plus  mg  preformed  vitamin  A  =  estimated  total  vitamin  A.  /7/  A  generic  term  Including  cyancobalamln  (vitamin  Big)  and 
its  hydrogenation  product  (known  variously  as  Bj^ja  °^  %2b'  "''1'^^  has  approximately  the  same  biological  activity.  /8/  0.025 
ug  calciferol  -  one  I.  U.  /9/  Folic  acid  Is  not  a  chemical  entity,  but  a  generic  term  for  pteroylglutamlc  acid  (folacln),  vi- 
tamin M,  vitamin  B;,,  factor  U,  L.  easel  factor,  Horite  eluate  factor.  /lO/  0.08}  u«  vitamin  %  =  one  Dam  unit,  /ll/  The  tenn 
is  used  here  as  a  generic  term  for  nicotinic  acid  (niacin)  and  nicotinic  acid  amide  (nicotinamide);  also  for  pellagra  preven- 
tive (P.  P.)  factor,  antlblacktongue  factor.  /12/  Includes  pyrldoxlne,  pyrldoxal,  pyridoxamlne .  /15/  Range  of  means. 
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69.  MINERAL  COMPOSITION:  FOODSTUFFS  OF 

PLANT  ORIGIN 

Values  are  milligrams  per  100  grams  of  edible  portion  oi  iresn,  xincooited.  foodstuff. 

unless  otherwise  specified.   Values  based  on  inadequate  evidence  axe  enclosed  in 

1  parentheses.  Ranges  represent  estimate  "d" 

(of.  Introduction)  of  the  95^  ] 

range. 

^^-.^^^ 

Calcium 

Chlo- 

Cobalt 

Copper 

^~"~~-~~~..,^^^      Minerals 
Foodstuff        ^~""'~--~-...,^^ 

rine 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

J 

^^^^^ 

Value 

Range" 

(A) 

■(B) 

(C) 

(D) 

(E) 

(F) 

1 

Almond,  dried  (Amydalus  communis) 

254 

2 

0.14 

2 

Apple  (Pyrus  malus) 

6 

4-10 

4-5 

0.08-0.14 

3 

Apricot  (Prunus  armeniaca) 

16 

10-17 

2 

0.003 

0.11-0.18 

A 

Asparagus  (Asparagus  officinalis) 

21 

36-39 

0.14 

5 

Avocado  (Persea  gratissima) 

10 

6-16 

0.21-0.7 

6 

Banana  (Musa  paradisiaca  sapientum) 

8 

7-10 

78-125 

0.16-0.21 

7 

Barley,  pearled,  dry  (Hordeum  vulgare)  16 

105 

0.11-0.40 

8 

Bean,  lima,  immature  (Phaseolus  lunatus 

macrocarpus) 

63 

9 

0.86 

9 

Bean,  lima,  mature,  dried  (P.  lunatus 

macrocarpus 

68 

32-41 

0.65-0.69 

10 

Bean,  red  kidney  (P.  vulgaris) 

163 

11 

Bsan,  snap,  green  and  yellow 

(P.  vulgaris) 

65 

24 

0.01 

12 

Beet,  garden  (Beta  vulgaris) 

27 

24-30 

58-61 

0.005-0.009 

0.19 

13 

Beet  greens  (B.  vulgaris) 

1181 

0.04 

0.09 

14 

Blackberry  ( Rubus  spp . ) 

32 

17-63 

10-22 

0.11-0.16 

15 

Blueberry  (Vaccinium  corymbosum) 

16 

8 

0.11 

16 

Brazil  nut  (Bertholletia  excelsa) 

186 

61 

1.09-1.39 

17 

Broccoli, (Brassica  oleracea 
botrytis) 

130 

18 

Brussels  sprouts  (B.  oleracea 

gemmifera) 

34 

40 

0.10 

19 

Cabbage  (B.  oleracea  capita ta) 

46 

45-50 

24-39 

0.007-0.024 

0.05-0.06 

20 

Cantaloupe  (Cucumis  melo  cantalupensis 

)17 

16-20 

41-44 

0.04-0.06 

21 

Carrot  (Daucus  carota) 

39 

36-67 

0.002 

0.07-0.08 

22 

Cashew  nut,  roasted  (Anacardium 
occidentale) 

46 

23 

Cauliflower  (Brassica  oleracea  botry. 

)  22 

30-50 

0.14 

24 

Celery  (Apium  graveolens) 

50, 

156-183 

0.01 

25 

Chard,  leaves  and  stems  (Beta  vulgaris  )105-'- 

26 

Cherry,  sour  and  sweet  (Prunus  spp. )  ,  18 

16-20 

<1.0 

0.0005^ 

0.07-0.14 

27 

Coconut  (Cocos  nucifera) 

21 

13-24 

114-120 

0.32-0.70 

28 

Collard  (Brassica  oleracea  acephala) 

249 

29 

Com,  sweet,  white  and  yellow  (Zea  mays)  9 

6-10 

14 

0.0002 

0.06-0.08 

30 

Cranberry  (Vaccinium  macrocarpon) 

14 

12-20 

5-9 

0.09-0. U 

31 

Cress,  water  (Radicula  nasturtium 

aquaticum) 

195 

157-240 

61-156 

0.04-0.14 

/l/  Calcium  may  not  be  available  because  of  presence  of  oxalic  acid.  /2/  Applicable  to 
sweet  cherry. 
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69.     MINERAL  COMPOSITION:    FOODSTUFFS  OF 
PLANT  ORIGIN  (Continued) 

Values   are  milligramR  -per  TOO  grams  of  edible  portion  of  fresh,  uncooked  foodstuff, 
unless  otherwise  speri f 1 ed .        Values  based   on     inadequate  evidence  are     enclosed  in 
parentheses.     Ranges  represent  estimate  "d"      (cf.    Introduction)   of  the  95']^  range. 

Iodine 

Iron 

Magne- 
sium 

Manga- 
nese 

Phosphorus 

Potas- 
sium 

Sodium 

Sulfur 

Zinc 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

Value 

Ranged 

Value 

Range<i 

(G) 

(H) 

(I) 

(J) 

(K) 

(L) 

(M) 

(N) 

(0) 

(P) 

(Q) 

0.011 

4.4 
0.3 
0.5 
0.9 
0.6 

0.3-0.6 
0.8-1.0 
0.5-1.4 

257 
5-6 
9-12 

10 

29-41 

1.94 
aO2-O.07 

0.10 
4.21 

475 
10 
23 
62 
38 

7-12 
21-30 

31-50 

690-856 
90-116 
320-440 
240 
340-3% 

3.0-5.8 

0.2 
0.6-1.0 

2.0 

3.0 

145 

2.9-3.7 
6.1 

19.4-37 

D.0lv-0.l6 
0.04 
0.32 

0.02 
0.007 

0.6 
(2.0) 

2.3 

7.5 
6.9 

0.4-1.8 
2.2-2.4 

31-42 
20 

a6if-a82 

L  51-1.59 
1J64-2.5; 

28 
189 

158 

381 
437 

348-420 
123 

680 

1300 

0.5-1.2 
2.6 

1.0 

1.0 

13.0 
107 

0.28 

1.1 
1.0 
3.2 
0.9 
0.8 

0.8-2.4 
3.1-3.6 
0.8-1.0 
0.2-0.9 

23 
1138 
24.30 
10 

0.54-1.35 
1.26 
0.59 

2.29-4.44 

44 
43 
45 

32 

13 

40-90 
19-34 
10-20 

350 
570 

150-208 
89 

110 

130 
0.2 
0.6 

17 

9.0-12.5 
11 

0.93 
0.02 

3.4 

2.8-4.0 

225-412 

0.32-0.92 

693 

670-760 

1.0-1.5 

198-293 

1.3 

76 

0.002 

1.3 
0.5 
0.4 

1.2-2.2 
0.4-1.2 
0.2-0.8 

10.6 

0.27 
a07-0.a2 
0.04 

78 
31 
16 

26-64 
15-30 

450 
230 
230 

11.0 
5.0 
12 

78 

64-71 
1.7 

0.16 
0.09 

0.8 

0.4-1.0 

12-17 

0.06-025 

37 

21-50 

224 

95 

6.9-17 

0.11 

0.012 

5.0 
1.1 
0.5 
2.5 

0.9-1.4 

6.6 
3-10 

0.17 
0.16 

428 
72 
40 
36 

29-48 

560 
400 
278-300 

14 
24 
111-137 

29 
14.9 

0.23 

0.33^ 

0.002-0.007 
0.0003 

0.4 
2.0 
1.6 
0.5 
0.6 

1.8-2.7 
0.4-1.1 

8.42 
39-52 

38 
8 

1.31 

0.15 
0.30 

20 
98 
58 
120 
11 

17-31 

2392 
320 

240-370 
65-119 

2.42 

16.5-29 

0.4 
1.0-1.8 

5.92 
44-46 

32 

7-nj 

0.152 

2.0 

17 

0.54 

46 

10-52 

314 

60 

127 

0.56 

/2/  Applicable  to  sweet  cherry. 
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69.     MINERAL  COMPOSITION:    FOODSTUFFS  OF 
PLANT  ORIGIN  (Continued) 

Values  are  milligrams  per  100  grams  of  editle  portion  of  fresh,  uncooked  foodstuff, 
unless  otherwise  specified.  Values  based  on  inadequate  evidence  are  enclosed  in 
parentheses.  Ranges  represent  estimate  "d"  (cf.  Introduction)  of  the  95^  range. 


Minerals 


Foodstuff 


"TaT 


Calcium 


mg/lOOg 


Value  Range'^ 


TbT 


Chlo- 
rine 


mg/lOOg 


Cobalt 


mg/lOOg 


Copper 


mg/lOOg 


Tc) 


TdT 


TeT" 


(F) 


32 
33 

3-; 

35 

36 

37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 

57 
58 
59 
60 

61 
62 
63 
64 
65 


Cucumber  (Cucumis  sativus)  10 

Currant,  red  (Ribes  rubrum)  36 

Dandelion  greens (Taraxacum  officinale)  187 
Date  (Phoenix  dactylifera)  72 


Eggplant  (Solanum  melongena) 
Endive  (Cichorium  endivia) 
Fig,  dried  (Ficus  carica) 
Fig,  fresh  (F.  carica) 
Gooseberry  (Ribes  hlrtellum) 

Grape  (Vitis  spp.)** 
Grapefruit  (Citrus  grandis) 
Guava  (Psidium  guajava) 
Honeydew  melon  (Citrullus  sp. ) 
Kale  (Brassica  oleracea  acephala) 

Lemon  (Citrus  limonia) 
Lettuce,  headed  (Lactuca  sativa) 
Lime  (Citrus  aurantifolia) 
Mango  (Mangifera  indica) 
Mushroom  (Agaricus  campestris) 

Mustard  greens  (Brassica  japonica) 

Oats,  rolled  (Avena  sativa) 

Okra  (Hibiscus  esculentus) 

Onion,  immature,  green  (Allium  cepa) 

Onion,  mature  (A.  cepa) 

Orange  (Citrus  spp.) 

Parsley  (Petroselinum  hortense) 

Parsnip  (Pastinaca  sativa) 

Pea,  garden,  immature  (Pisum  sativum) 


15 

79 

186 

54 

22 

17 

22 

30 

(17) 

225 

40 

22 

(^0) 

9 

9 

220 

53 

82 
135 

32 

33 

193^ 
57 
22 


Pea,  garden,  mature,  dried  (P.  sativ\im)  57 


Peach  (Prunus  persica) 

Peanut,  roasted  (Arachis  hypogaea) 

Pear  (Pyrus  communis) 

Pecan  (Carya  lllinoensis) 

Pepper,  green  (Capsicum  annuum) 


66  Persimmon  (Diospyros  kaki) 


74 
13 
74 
11 


6-23 
63-240 

44-104 
15-20 


24-30 
14 
99 
228-290 

24-61 
70-167 

14-18 
6-7 


1-5 


181-310122 


17-43 

15-55 

5-21 


2-5 
39-74 
39 
19 
21 


73 


24-50 

190-. 

55-60 

15-30 


3-6 


325156 


8-20 
6-14 


30-41 
24-38 
35-60 

4-5 
41-56 

4-11 
50 
13-19 


0.02 


0.005-0.023 


Trace 


0.013 


0.003 


0.018 


0.06-0. llj 
0.11-0.12 

0.15 
0.21-0.381 

0.07-0.10 
0.09-0.11 

0.06-0.07 
0.08-0.14 


0.02-0.06 
0.02 

0.09 

0.26-0.4 

0.04-0.151 

0.97 

0.01 

1.79 


0.23 
0.12-0.2C 


0.07-0.31 
0.21-0.53 
0.10-0.12 
0.23-0.24 
1.4 

0.01-0.09 
0.27-0.96 
0.10-0.21 
1.36 
0.10 

0.41 


/l/  Calcium  may  not  be  available     because  of  presence  of  oxalic  acid, 
to  American  and  European  types. 


/V  Applicable 
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69.     MINERAL  COMPOSITION:    FOODSTUFFS  OF 

PLANT  ORIGIN  (Continued) 

Values  are  milligrams  per  100  grams  of 

edible  portion  of  fresh,  uncooked  foodstuff. 

unless  otherwise  specified.        Values  based  on     Inadequate  evidence  are     enclosed  in       | 

parenthes 

as.     Ranges  represent  estimate 

"d"    (cf.    Introduction)   of  the  95^  range. 

Magne- 

Manga- 

Potas- 

Iodine 

Iron 

sium 

nese 

Phosphorus 

sium 

Sodium 

Sulfur 

Zinc 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

Value 

Ranged 

Value 

Ranged 

(G) 

(H) 

(I) 

(J) 

(K) 

(L) 

(M) 

(N) 

(0) 

(P) 

(Q) 

0.33 

9 

0.15 

21 

18-33 

141-230 

13 

11 

0.16 

0.9 

0.6-1.2 

13 

33 

18-50 

160-275 

2.0-2.3 

29 

0.20 

3.1 

3.0-6.0 

0.30 

70 

430 

76 

0.97 

0.001 

2.1 

1.6-5.1 

59-65 

0.15 

60 

49-64 

754-790 

4.8 

51 

0.34 

0.4 

10-15 

0.11 

37 

190-238 

0.9-2.5 

9.0-9.2 

1.7 

1.2-2.8 

10-13 

0.22 

56 

38-67 

381-^00 

10.1-18 

26-32 

3.0 

111 

0.6 

0.4-0.9 

20 

32 

190-268 

1.6-2.0 

12.9 

0.12-0,36 

0.002 

0.5 

7 

0.04 

28 

210 

0.7-1.9 

15.9 

0.007 

0.6 

4 

ao8-o,os 

21 

16-35 

316 

1.7-3.0 

7.4 

0.02-a20 

0.001 

0.2 

0.7 

(0.4) 

0.3-1.5 

10 

0.01 

18 

29 

(16) 

16-20 
16-30 

200-234 

0.5-1.4 

5.1-5.3 

2.2 

0.4-2.5 

37 

0.5CKX59 

62 

60-72 

410 

110 

115 

0.07 

0.6 

12 

0.04 

22 

11-30 

163-360 

6-9 

8-12.3 

0.17 

0.004 

0.5 

(0.6) 

0.2 

0.4-0.7 

10-11 
160 

0.5-L08 

25 

(22) 

13 

20-;2 

140-208 
16 

3.1-12 

LI. 8-12 

aiao.iiT 

1.91 

1.0 

0.7-3.1 

13 

0.08 

115 

98-136 

467-520 

5.0-9.1 

34 

0.28 

0.002 

2.9 

27 

38 

450 

48 

4.5 

113 

405 

368 

33 

155 

0.7 

0.6-2.0 

5 

0.62 

62 

220 

1.0 

14 

0.9 

24 

0.5 

44 

0.4 

0.3-0.8 

10-13 

0.03 

23 

170-197 

2.9 

9.0-9.2 

0.17 

4.3 

52 

0.94 

84 

80-128 

880-1080 

28-33 

0.7 

0.5-1.1 

22-29 

0.05-0^ 

80 

342 

16.5 

16.5-26 

1.9 

1.7-2.1 

30 

0.41 

122 

104-130 

342-37C 

0.5-1.0 

50 

4.7 

116 

2.77 

388 

303-411 

985 

38 

129 

0.6 

8-11 

0.11 

22 

18-24 

160-259 

0.5 

5.6-7.0 

0.02 

1.9 

181 

1.57 

393 

339-40C 

680-740 

2.0-5.6 

377 

0.3 

0.2-0.5 

9 

0.06 

16 

10-30 

100-129 

2.0-2.3 

3.4-5.6 

0.16 

2.4 

152 

3.48 

324 

420 

0.3 

5.6 

0.4 

45 

0.14 

25 

23-30 

170 

0.6 

0.3 

9 

26 

310 

0.6 

5.0 

mg. 
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69.  MINERAL  COMPOSITION:  FOODSTUFFS  OF 

PLANT  ORIGIN 

(Cone 

Luded) 

Values  aire  milligrams  per  100  grams  of 

edible 

'  portion  of  fresh,  uncooked  foodstuff. 

unless  othervri.se  specified.   Values  based  or 

1  inadequate  evidence  are  enclosed  in 

parentheses.  Ranges  represent  estimate 

"d"  ( 

cf .  Introduction)  of  the  95^  range. 

~~~^-^,..^^^ 

Chlo- 

^~~~^--^^^     Minerals 
Foodstuff          ^~~~'^-~...,^^ 

Calcium 

rine 

Cobalt 

Copper 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

Value 

Range^^ 

(A) 

(B) 

(G) 

(D) 

(E) 

(F) 

67 

Pineapple  (Ananas  sativus) 

16 

8-20 

29-50 

0.07-0.08 

68 

Plum  (Prunus  spp. ) 

17 

14-20 

2 

0.09-0.15 

69 

Potato  (Solanum  tuberosum) 

11 

8-14 

38-79 

0.006 

0.14-0.17 

70 

Prunes  (Prunus  spp. ) 

5-4 

71 

Pumpkin  (Cucurbita  pepo) 

21 

20-39 

10-36 

0,03-0.20 

72 

Radish  (Raphanus  sativus) 

37 

20-44 

19-54 

0.13-0.16 

73 

Raisins  (Vitis  venifera) 

78 

82 

0.20-0.27 

74 

Raspberry,  black  (Rubus  occiden talis) 

40 

75 

Raspberry,  red  (R.  strigosus) 

40 

24-50 

22 

0.13-0.21 

76 

Rhubarb,  stems  only  (Rheum  rhaponticuj 

n)  51^ 

77 

Rice,  brown  (Oryza  sativa) 

39 

23 

0.36 

78 

Rice,  white  (G.  sativa) 

24 

27-54 

0.0006 

0.06-0.19 

79 

Rutabaga  (Brassica  campestris) 

55 

58 

0.15 

80 

Rye,  whole  grain  (Secale  cereale) 

(38) 

31-55 

25-40 

81 

Soybean,  mature,  dried  (Glycine  soja) 

227 

82 

Soybean  sprouts  (G.  soja) 

48 

83 

Spinach  (Spinacia  oleracea) 

8ll 

65-74 

0.001-0.12 

0.12 

8<i 

Squash,  summer  (Cucurbita  pepo) 

15 

0.08 

85 

Squash,  winter  (C.  maxima) 

19 

0.04 

86 

Strawberry  (Fragaria  spp.) 

28 

22-^1 

6-18 

0.13-0.20 

87 

Sweetpotato  (Ipomoea  batatas) 

30 

85-94 

0.002 

0.15 

88 

Tangerine  (Citrus  reticulata) 

(33) 

2 

0.09-0.11 

89 

Tomato  (Lycopersicon  esculentum) 

11 

7-13 

34-51 

0.009 

0.06-0.11 

90 

Turnip  (Brassica  rapa) 

40 

41-70 

0.07-0.09 

91 

Turnip  greens  (B.  rapa) 

259 

216-374 

L68 

0.003-0.107 

0.09 

92 

Walnut,  black  (Juglans  nigra) 

93 

Walnut,  English  (J.  regia) 

83 

60-90 

30-40 

0.005 

0.31-1.0 

9A 

Watermelon  (Citrullus  vulgaris) 

7 

8 

0.07 

95 

Wheat,  hard  red  winter,  whole  grain 
(Triticum  vulgare) 

46 

/l/  Calcium  may  not  be  available  because  of  presence  of  oxalic  acid. 
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69.     MINERAL  COMPOSITION:    FOODSTUFFS  OF 

PLANT  ORIGIN  (Concluded) 

Values  are  milligrams  per  100  grams  of 

edible  portion  of  fresh,  uncooked  foodstuff. 

unless  otherwise  specified.        Values  based  on     Inadequate  evidence  are     enclosed  in 

parenthes 

es.     Ranges  represent  estimate 

"d"    (cf.    Introduction)   of  the  95^  range. 

Iodine 

Iron 

Magne- 
sium 

Manga- 
nese 

Phosphorus 

Potas- 
sium 

Sodium 

Sulfur 

Zinc 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

Value 

Range<i 

Value 

Ranged 

mg/lOOg 

mg/lOOg 

mg/lOOg 

(G) 

(H) 

(I) 

(J) 

(K) 

(L) 

(M) 

(N) 

(0) 

(P) 

(0) 

0.3 

11-17 

1.07 

11 

8-30 

210-247 

0.3 

2.5-2.6 

0.26 

0.005 

0.5 

0.3-0.8 

8-11 

0.07 

20 

14-32 

170-195 

0.6 

4.6-6.4 

0.03 

0.004-0.009 

0.7 
3.9 

24-27 

0.10 

56 
85 

40-60 

410-568 

0.8 

34-35 

D. 02-0.4 

0.8 

0.4-1.1 

8-12 

0.04 

44 

19-60 

309^;80 

0.6-1.3 

9.5-13 

1.0 

0.8-1.9 

11-15 

0.05 

31 

240-260 

9.0 

37 

0.16 

0.003 

3.3 

0.9 

42 

0.32 

129 
37 

33-132 

860 

52 

23 

0.9 

22 

0.51 

37 

27-52 

130-224 

0.5 

17.3 

0.5 

25 

0.003 

2.0 

119 

1.70 

303 

290-340 

150 

9.0 

0.3-0.9 

0.003 

0.8 

0.5-1.1 

13-28 

1.08 

136 

113 

6.3 

79 

1.5 

0.4 

0.13 

41 

260 

5.0 

0.30 

3.7 

2.7-3.9 

92-155 

376 

352-385 

412 

134-146 

8.0 

586 

1.0 

67 

3.0 

2.6-4.0 

55 

0.70 

55 

40-70 

780 

82 

27 

0.62 

0.4 

11 

0.14 

15 

150-200 

0.2-0.6 

0.6 

8 

0.16 

28 

240 

0.3 

0.21 

0.8 

0.7-0.9 

12 

0.06 

27 

23-30 

161-180 

0.8-1.5 

13.4 

0.09 

0.7 

12 

D.15-a52 

49 

45-52 

530 

4.0 

14.9 

0.23 

(0.4) 

0.3-0.6 

11 

0.04 

(23) 

110-155 

2.2 

10.3 

0.08 

0.001-0.003 

0.6 

11 

0.14 

27 

21-30 

230-288 

2.8-3.0 

ID. 6-10. 7 

0.24 

0.5 

0.4-0.7 

7 

0.04 

34 

28-50 

230-238 

37-58 

22.1 

0.08 

2.4 

1.42 

50 

49-75 

440 

10 

54 

0.21 

6.0 

3.21 

460 

3.0 

2.1 

131-134 

1.80 

380 

358-510 

450-687 

2.0-2.7 

104-106 

0.2 

10 

0.02-0  J.8 

12 

3-13 

110 

0.30 

9.0 

3.4 

354 
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70.     VITAMIN  COMPOSITION: 

FOODSTUFFS  OF  PLANT  ORIGIN 

Values  are  milligrams  per  100  grams     of  edible  portion  of 

fresh. 

uncooked 

foodstuff,     unless  otherwise  specified.      Values 

based  on  inadequate  evidence     are  enclosed  In  parentheses, 
range. 

Ranges   represent  estimate  "d" 

(cf.   Introduction)  of  the  95* 

— ....____^                                        Vitamins 

Vitamin  A 
as 

Ascorbic 

Niacin 

F.iboflavine 

Thiamine 

Foodstuff                               ^"~""~-^,^_^^ 

p-carotenel 

Acid 

rag/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

Value 

Ranged 

Value 

Range'' 

Value 

Ranged 

Value 

Ranged 

Value 

Ranged 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

1 

Aljnond,  dried  (Amygdalus  communis) 

0 

Trace 

4.6 

0.67 

0.25 

0.12-0.30 

2 

Apple  {Pyrus  malus) 

0.05 

0.02-0.07 

5 

2-20 

0.2 

0.1-0.5 

0.03 

0.01-0.05 

0.04 

0.01-0.06 

3 

Apricot  (Prunus  armeniaca) 

1.67 

7 

1-11 

0.8 

0.05 

0.04-0.11 

0.03 

0.02-0.05 

4 

Asparagus  (Asparagus  officinalis; 

0.60 

D. 18-0.84 

33 

15-94 

1.4 

0.19 

0.10-0.32 

0.16 

0.14-0.22 

5 

Avocado  (Persea  gratlssima) 

0.17 

0.06-0.33 

16 

2-28 

1.1 

0.13 

0. 09-0. 18 

0.06 

6 

Banana  (Uusa  paradisiaca  sapientum) 

0.26 

10 

7-28 

0.7 

0.05 

0.02-0.09 

0.04 

0.3-0.15 

7 

Barley,  pearled,  dry  (Hordeum  vulgare) 

(0) 

0 

3.1 

0.08 

0.12 

8 

Bean,   lima.   Immature  (Phaseolus  lunatus 

macrocarpus) 

0.17 

32 

15-A2 

1.4 

0.11 

0.21 

9 

Bean,   lima,  mature,  dried  (P.   lunatus 

macrocarpus) 

0 

2 

2.0 

0  18 

0.14-0.32 

0.48 

IC 

Bean,   red  kidney   (P.   vulgaris) 

(0) 

2 

2.5 

0.,i2 

0.51 

11 

Bean,  snap,   green  and  yellow  (P.  vulgaris^ 

0.382 

3.36-0.66 

19 

10-26 

0.5 

C.ll 

0.08 

12 

Beet,  garden  (Beta  vulgaris) 

0.01 

10 

3-15 

0.4 

0.1-0.6 

0.05 

0.03-0.13 

0.02 

0.01-0.09 

13 

Beet     greens   (B.    vulgaris) 

4.02 

34 

0.4 

0.3-0.6 

0.18 

0.17-0.63 

0.08 

0.04-0.10 

U 

Blackberry  (Rubus  spp. ) 

0.12 

D. 05-0. 24 

21 

3-28 

0.4 

0.04 

0.04 

0.02-0.05 

15 

Blueberry  (Vaocinium  oorymbosum) 

0.17 

16 

7-22 

(0.3) 

(0.02) 

(0.02) 

16 

Brazil  nut  (Bertholletia  excelsa) 

Trace 

2 

0.86 

0.50-1.10 

17 

Broccoli     (Brassica  oleracea  botrytis) 

2.10 

118 

50-172 

1.1 

0.8-1.4 

0.21 

0.10 

18 

Brussels  sprouts  (B.   oleracea  gemmifera) 

0.24 

0. 18-0.30 

94 

13-150 

0.7 

O.IC 

0.06-0.30 

0.08 

19 

Cabbage  (B.    oleracea  capitata) 

0.05 

50 

30-100 

0.3 

0.1-0.7 

0.05 

0.03-0.15 

0.06 

0.03-0.14 

20 

Cantaloupe   (Cuoumls  melo  cantalupensis) 

2.05^ 

33 

26-60 

0.5 

0.04 

0.03-0.08 

0.05 

0.03-0.15 

21 

Carrot  (Daucus  carota) 

7.20 

2-10 

0.5 

0.2-1.5 

0.06 

0.04-0. 09 

0.06 

0.03-O.U 

22 

Cashew  nut,   roasted  (Anaoardium  oocidenta 

le) 

2.1 

0.19 

0.63 

23 

Cauliflower  (Brassica  oleracea  botrytis) 

0.05 

69 

37-94 

0.6 

0.5-0.7 

0.10 

0.05-0.22 

0.11 

0.10-0.20 

24 

Celery  (Apium  graveolens) 

0 

7 

5-15 

0.4 

0.04 

0.03-0.10 

0.05 

25 

Chard,   leaves  and  stems   (Beta  vulgaris) 

1.68 

38 

0.4 

0.07 

0.06 

26 

Cherry,  sour  ard  sweet    (Prunus  spp.) 

0.37 

0.09-0.42 

8 

1-25 

0.-. 

0.06 

0.05 

27 

Coconut  (Cocos  nucifera) 

0 

2 

0.2 

0.01 

0.10 

28 

Collard  (Brassica  oleracea  acephala) 

"•■^A 

100 

(2.0) 

0.27 

0.11 

29 

Com,  sweet,  white  and  yellow  (Zea  mays) 

0.23'^ 

0.17-0.36 

12 

8-43 

1.7 

0.7-2.6 

0.12 

0.05-0.14 

0.15 

0.L2-O.19 

3C 

Cranberry  (Vacclnium  macrocarpon) 

0.02 

0.01-0.04 

12 

10-15 

0.1 

(0.02) 

(0.03) 

31 

Cress,water(Radicula  nasturtium  aquatlcum 

)2.85 

77 

43-187 

0.8 

0.16 

0.10-0.30 

0.08 

32 

Cucumber  (Cucumis  sativus) 

C5 

8 

2-13 

0.2 

0.1-0.3 

0.04 

0-0.15 

0.03 

33 

Currant,   red  (Rlbes  rubrum) 

0.07 

36 

15-45 

0.04 

0.03-0.05 

34 

Dandelion  greens  (Taraxacum  officinale) 

8.19 

5. 40-19. 8C 

36 

32-100 

(0.8) 

0.14 

0.19 

0.15-2.23 

35 

Date   (Phoenix  dactylifera) 

8.23 

(0) 

2.2 

0.10 

0.09 

0.06-0.10 

36 

Eggplant  (Solanum  melongena) 

0.02 

0.01-0.06 

5 

1-10 

0.6 

0.05 

0.03-0.08 

0.04 

37 

Endive  (Cichorlum  endivla) 

1.80 

11 

10-27 

0.4 

0.12 

0.06-0.24 

0.07 

0.06-0.09 

38 

Fig,  dried  (FlcuB  carica) 

0.05 

(0) 

1.7 

0.12 

0.16 

0.06-0.18 

39 

Fig,   fresh  (F.   carica) 

0.05 

0.01-0.05 

2 

0.5 

0.05 

0.06 

iC 

Gooseberry  (Ribes  hirtellum) 

0.17 

0.07-0.23 

33 

0.04-0.15 

il 

Grape  (Vltls  spp. )^ 

0.05 

4 

2-fc 

0.2 

0.04 

0-0.06 

0.06 

0.02-0. 07 

42 

Grapefruit   (Citrus  grandis) 

Trace 

40 

38-43 

0.2 

0.02 

0.04 

43 

Guava   (Psidium  guajava) 

0.15 

502 

60-442 

1.2 

0.04 

0.01-0.09 

0.07 

0.04-0.15 

W 

Honeydew  melon  (Cltrullus  sp.) 

0.24 

23 

0.2 

0.03 

0.05 

45 

Kale  (Brassica  oleracea  acephala) 

4.52 

0.45-22.2 

115 

50-150 

2.0 

0.26 

0.10 

46 

Lemon  (Citrus   limonia) 

0 

50 

29-60 

0.1 

Trace 

0.04 

0.02-0.09 

47 

Lettuce,  headed  (Lactuoa  sativa) 

0.32 

0.04-1.32 

8 

6-21 

0.2 

0.08 

0.04-0.12 

0.04 

48 

Lime  (Citrus  aurantifolla) 

0 

27 

23-38 

(0.1) 

(Trace) 

(0.04) 

0.03-0.06 

AAalues  are  expreesed  In  terma  of  B-carotene  but  Include  all  substances  having  vitamin  A  activity.  0.000b  mg  0-carotene  « 
1  I.U.  vitamin  A.  /2/  Applicable  to  green  bean;  yellow  bean,  0.09.  /3/  Applicable  to  deeply  colored  varieties.  A/  Applicable 
to  yellow  corn;  white  corn,  trace.  /5/  Applicable  to  pared  cucumbers;  unpared,  0.16.  /t/  Data  applicable  to  both  American  and 
European  types. 
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70.     VITAMIN  COMPOSITION:    FOODSTUFFS  OF 

PLANT  ORIGIN  (Concluded) 

Values  are  mUllgrama  per  100  grams  of  edible  portion  of 

fresh. 

uncooked 

foodstuff,  unless  otherwise  specified. 

Values 

based  on  Inadequate  evidence  are  enclosed  In  parentheses. 

Ranges  represent  estljnate  "d" 

(cf.  Introduction)  of 

the  95* 

range. 

Vitamin  A 
as 

Ascorbic 

Niacin 

Riboflavine 

Thiamine 

Foodstuff             ^^'~~^^.„^ 

g  -carotene''- 

R<^ 

""" 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg 

mg/lOOg     1 

Value 

Range<i 

Value 

Range"* 

Value 

Range<l 

Value 

Range<* 

Value 

Range'* 

(A) 

fB) 

(0 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

^ 

Mango  (Manglfera  Indica) 

3.81 

41 

25-60 

0.9 

0.06 

0.04-0.26 

0.06 

0.04-0.10 

5Q 

Mushroom  (Agarlcus  campestris) 

0 

5 

1-8 

4.9 

0.44 

0.01-0.50 

0.10 

0.06-0.20 

51 

Mustard  greens  (Brasaica  Japonica) 

3.88 

0.26-7.20 

102 

45-180 

0.8 

0.20 

0.09 

52 

Oats,  rolled  {Avena  sativa) 

(0) 

(0) 

1.0 

0.14 

0.60 

53 

Okra  (Hibiscus  esculentus) 

0.44 

3.18-1.44 

30 

1.1 

0.7-1.1 

0.07 

0.08 

54. 

Onion,  Immature,  green  (Allium  cepa) 

(0.04) 

24 

(0.2) 

(0.04) 

(0.03) 

55 

Onion,  mature  (A.  cepa) 

0.03 

9 

0.2 

0.04 

0.03 

56 

Orange  (Citrus  spp.) 

(0.11) 

0.03-0.42 

49 

45-66 

0.2 

0.03 

0.08 

0.07-O.U 

57 

Parsley  (Petrosellnum  hortense) 

4.94 

3-18 

193 

1.4 

0.28 

0.11 

58 

Parsnip  (Pastlnaca  sativa) 

0 

18 

0.2 

0.12 

0.08 

59 

Pea,  garden,  Immature  (Pisum  sativum) 

0.41 

0.36-1.98 

26 

15-31 

2.7 

0.16 

0.15-0.25 

0.34 

0.09-0.49 

60 

Pea,  garden,  mature,  dried  (P.  sativum) 

0.22 

2 

3.1 

0.28 

0.15-0.30 

0.77 

61 

Peach  (Prunus  persica) 

0.53 

8 

7-10 

0.9 

0.05 

0.02-0.06 

0.02 

0.01-0.07 

62 

Peanut,  roasted  (Arachls  hypogaea) 

0 

(0) 

16.2 

12.8-36 

0.13 

0.30 

63 

Pear  (Pyrus  communis) 

0.01 

4 

3-7 

0.1 

0.04 

0.02-0.15 

0.02 

64 

Pecan  (Carya  llllnoensls) 

0.03 

2 

0.9 

0.11 

0.72 

65 

Pepper,  green  (Capsicum  annuuiii) 

0.38 

120 

90-180 

0.4 

0.2-4.9 

0.07 

0.04-0.18 

0.04 

0.02-0.07 

66 

Persimmon  (Dlospyros  kaki) 

1.63 

11 

Trace 

0.05 

0.05 

67 

Pineapple  (Ananas  satlvus) 

0.08 

0.02-0.09 

24 

13-30 

0.2 

0.02 

0.01-0.08 

0.08 

0.05-0.13 

68 

Plum  (Prunus  spp. ) 

0.21 

0.08-0.22 

5, 

4-7 

0.5 

0.1-0.7 

0.04 

0.03-0.05 

0.06 

0.05-0.20 

69 

Potato  (Solanum  tuberosum) 

0.01 

17^ 

4-28 

1.2 

0.1-1.2 

0.04 

0.03-0.12 

0.11 

0.05-0.17 

7C 

Prunes  (Prunus  spp. ) 

1.13 

0.24-1.50 

3 

0-8 

1.7 

0.16 

0.05-0.65 

0.10 

71 

Pumpkin  (Cucurbita  pepo) 

(2. 04) 

1.20-5.52 

8 

3-10 

(0.6) 

(0.08) 

0.04-0.09 

(0.05) 

72 

Radish  (Raphanus  sativus) 

0.02 

24 

12-26 

0.3 

0.02 

0.03 

0.02-0.10 

73 

Raisins  (Vitis  venlfera) 

0.03 

D. 01-0. 06 

Trace 

0.5 

0. 1-0.6 

0.08 

0.03-0.13 

0.15 

0.07-0.20 

74 

Raspberry,  black  (Rubus  occidentalls) 

0 

(24) 

(0.3) 

(0.07) 

0.02 

75 

Raspberry,  red  (R.  strigosua) 

0.08 

24 

8-38 

(0.3) 

(0.07) 

0.02 

0.01-0.09 

76 

Rhubarb,  stems  only  (Rheum  rhaponticum) 

0.02 

9 

6-29 

0.1 

0.01 

77 

Rice,  brown  (Oryza  sativa) 

(0) 

(0) 

4.6 

0.05 

0.32 

78 

Rice,  white  (0.  sativa) 

(0) 

(0) 

1.6 

0.03 

0.07 

79 

Rutabaga  (Brassica  campestris) 

0.20 

36 

20-45 

0.9 

0.08 

0.05-0.10 

0.07 

80 

Rye,  whole  grain  (Secale  cereale) 

(0) 

(0) 

1.6 

0.22 

0.43 

81 

Soybeans,  mature,  dried  (Glycine  soja) 

0.07 

Trace 

2.3 

1.9-;. 3 

0.31 

1.07 

0.11-1.38 

82 

Soybean  sprouts  (G.  soja) 

0.11 

13 

0.8 

0.20 

0.23 

83 

Spinach  (Spinacla  oleracea) 

5.65 

5.04-15.0 

59 

15-77 

0.6 

0.20 

0.16-0.40 

0.11 

0.04-0.15 

84 

Squash,  summer  (Cucurbita  pepo) 

0.16 

0.12-1.26 

17 

M-28 

0.8 

0.09 

0.01-0.12 

0.05 

85 

Squash,  winter  (C.  maxima) 

2.97 

1.20-4.20 

8 

0.5 

0.12 

0.04-0.25 

0.05 

36 

Strawberry  (Fragarla  spp.) 

0.04, 
4.62' 

0.03-0.72 

60 

25-107 

0.3 

0.07 

0.02-0.30 

0.03 

87 

Sweetpotato  (Ipomoea  batatas) 

22 

7-33 

0.6, 

0.5-1.3 

0.05 

0.04-0.10 

0.09 

0.04-O.U 

88 

Tangerine  (Citrus  reticulata) 

(0.25) 

31 

23-50 

0.21 

(0.03) 

0.07 

89 

Tomato  (Ijrooperslcon  esculentum) 

0.66 

0.30-1.20 

23 

21-27 

0.5 

0.04 

0.06 

0.04-0.12 

90 

Turnip  (Brassica  rapa) 

Trace 

28 

20-32 

0.5 

0.07 

0.05 

0.03-0.09 

91 

Turnip  greens  (B.  rapa) 

5.72 

136 

30-UO 

0.8 

0.6-0.9 

0.46 

0.35-0.75 

0.09 

92 

Walnut,  black  (Juglans  nigra) 

0.04 

0 

0.33 

33 

Walnut,  Engllsn  (J.  regla) 

0.02 

3 

1.2 

0.13 

0.48 

0.30-0.60 

J4 

Watermelon  (Citrullus  vulgaris) 

0.35 

3.03-0.72 

6 

6-8 

0.2 

0.05 

0.01-0.07 

0.05 

0.03-0.06 

95 

Wheat,  hard  red  winter,  whole  grain 

(Triticum  vulgare) 

(0) 

(0) 

4.3 

0.12 

0.52 

/l/  Values  are  expressed  In  terms  of  P-carotene  but  include  all  substances  having  vitamin  A  activity.  O.OOO6  mg  B-carotene  = 
1  I.U-  vitamin  A.  /j/  Applicable  to  deeply  colored  vaxieties.  /7/  Year-round  average.  Recently  harvested  potatoes,  2U; 
after  storage  of  5  mo.,   12;   after  storage  of  6  mo.,  8. 
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73.     AMINO  ACID  COMPOSITION:    CERTAIN  PROTEIN  FOODS 

This  table  presents     the  best  average  values  obtained     from  a  study  of     the  : 

reports  of 

analyses  from  11  laboratories.     The  foodstxiffs  for  analysis  were  prepared  by 

a  central 

source,      and  uniform  samples  of  acid  and  aTkaline     hydrolysates  and  of  the  dried  foods 

were  distributed  to  the  cooperating  laboratories.     All  values  are   in  terms  of  mg  amino 

acid  per  100  mg  nitrogen  present  in  the  purified  protein. 

Amino  Acid 

Beef 
Musclel 

Casein2 

Egg 
Albumin5 

Egg  , 
Powder^ 

Peanut 
Flour5 

Wheat 
Gluten° 

mg/lOO  mg  N 

mg/lOO  mg  N 

mg/lOO  mg  N 

mg/lOO  mg  N 

mg/lOO  mg  N 

mg/lOO  mg  N 

(A) 

(B) 

(c) 

(D) 

(E) 

(F) 

(G) 

1 

Arglnine 

40.2 

2k. k 

57. 1; 

58.9 

70.5 

25.0 

2 

Aspartic  acid 

58.lt 

1^5.5 

68.7 

67.5 

81.1 

25.6 

5 

Cystine 

8.1; 

2.5 

18.6 

Ik. 3 

9.0 

II+.8 

It 

Glutamic  acid 

91.5 

159.9 

80.6 

78.5 

III+.5 

218.7 

5 

Glycine 

55.2 

12. 1; 

25.5 

2I+.7 

55.6 

20.7 

6 

Histidine 

20.5 

19.0 

15.1 

15.2 

15.9 

12.1+ 

7 

Isoleucine 

52.5 

59.7 

UO.5 

58.6 

25.9 

28.1+ 

8 

Leucine 

k&.a 

62.6 

51+. 8 

56.1+ 

1+J+.2 

1+5.0 

9 

Lysine 

55.7 

50.6 

1+5. 0 

58.3 

21.8 

12.6 

10 

Methionine 

16.9 

20.5 

26.0 

20.1 

5.2 

10.1+ 

11 

Phenylalanine 

21^.5 

55.8 

57.1 

55.5 

50.7 

31.5 

12 

Proline 

52.1 

85.5 

26.8 

28.0 

51.0 

88.5 

15 

Threonine 

27.8 

28.1 

50.5 

50.9 

n.h 

17.5 

11+ 

Tryptophan 

6.5 

6.0 

7.2 

7.1 

k.9 

1+.8 

15 

Tyrosine 

18.5 

52.2 

20.8 

22.1 

18.1 

17.1+ 

16 

Valine 

52.1 

1^6.0 

1+6.6 

1+5.7 

28.5 

26.6 

/l/  utility  grade  beef  trimmed  free  from  fat,  ground  vacuum-dried,  defatted  with  benzol, 
vacuum^dried  again  and  powdered;  contains  15-971^  N,  on  ash  and  moisture- free  basis.  /2/ 
Purified  from  acld-preclpltated  casein,  dried  in  air  at  60-70°  C,  and  powdered;  contains 
15.25^  N,  on  ash  and  moisture- free  basis.  No  alcohol  or  other  organic  solvents  used  in 
purification  process.  /3/  Egg  white  cultured  to  remove  natural  sugar,  dried  at  about 
60°  C,  and  powdered;  contains  ll+.21^  N,  on  ash  and  moisture-free  basis.  /!+/  Whole  fresh 
eggs  defatted  with  ethylene  dichloride,  dried  and  powdered;  contains  15.96^  N,  on  ash 
and  moisture-free  basis.  /5/  Spanish  peanuts  dried  with  strict  temperature  and  moisture 
controls,  and  powdered;  contains  10.51^  N,  on  ash  and  moisture-free  basis.  /6/  Wheat  gum 
gluten  flour  washed  several  times  with  cold  water,  vacuum-dried  and  powdered;  contains 
ll+.5l+^  N,  on  ash  and  moisture-free  basis. 


131 


1 

5  ^ 

bfl 

cy 

0 

m       >t 

>0    CO 

0 
0 

0 

0    0^    --1     Q    Q 

rMo  ■>!■  v5  'J 

CO  0  -^  xo  c^ 

f-l  O^  to  C*-  CO 

CM       r\ 

vO  t>  \D  r^  vD 
>*  lA  \0  CM  \0 

0-1    rN 
Oi  -nT    cn 
r-  C^   r-l 

"Sxi  5 

"N^ 

f^  tv           n 

rH  CM  cy  CM  cy 

ry  (M        r>  cy 

CM  CM  n 

■P     a)    rH 

^ 

«          CD 

a] 

pa 
pq 

S       o 

0 

-o         « 

CQ    r-<     f-4 

8 

■£■ 

r-i  o^  «r>  »o  0 

0  lA  O*  CNJ   [> 

cji  CM  m  0^  r-l 

X>  0  fr\ 

f-" 

\£>   tn  >t   \0  0^ 

r^  cy  xo  0  CO 

\D  00  c^  r-  ov 

c^  xo  -y 

0)  ^   o 

\ 

0   f^                 c^ 

rH   O^   P^   0^   01 

n*  ry       c^  cm 

CM  n  0^ 

•H       1      (0 

r-" 

0 

H 

ON 

f^ 

, 

lA 

^ 

CO 

r^    >t        CN? 

m  r-- 

H 

r-l    -P 
<d    CO    (D 

*co 
■p 

S' 

s 

H 

vO  (M  O"  o*  cy 

ry    ni        0^ 
m  n  nO  r-  >r 

c^  -J-  en 

O 
1— 1 

Q 

P     a>    r-i      1 

c 

0 

(M   C\i  0   lA  uA 

o\  -"^  0  CO  ry 

rH  -st  0  0  vo 

C^  CO  CO 

CO 

♦J 

rs--  = 

•f-t 
■p 

i 

00    C^    r-<    1-1  CO 

ry  c^  D-  \o  t> 

\D    \0   r-t   CO  vO 

CO 

vO  ^o  l>- 

p 

'^ 

P 

2 

c 

1 
o 

(D 

o 

<d 

s 

„ 

0              *r, 

CMO^ 

2 

^Nf 

f^ 

u 

0 

^ 

C*J              c- 

On    CO 

0^ 

HH 

L. 

»^     (D 

u. 

■p 

r-l 

W  O 

>  ^ 

*J 

as    P 

X 

^^ 

do      d 

0       0 

■Nt  d 

d 

3' 

OJ 

01 

c 
o 

■H 

-A 

1 

TJ 
01 

4J 

m 
0) 
W 

O     0) 

r-t     -O 

(d    >^> 

2 

u 

tiO 

^ 

>r 

a? 

0 

:x: 

do      0 

0       0 

0  0 
t-o 

rH 

d 

td 

8 

•-; 

0\f-t          rH 

J;  ON       ^<^ 
d  if>      vo 

*cu  0  0 
ON  \r\\o 

^  H 
OJ   (M 

OJ 

o 

2 

*-» 

O 

c 
o 

r\ 

L- 

i\i        yj  u\ 

< 

U3 
O 

0 
0 

CO                 r-\ 

rH  0  r-^       o\ 

m  CO  CM   .-H   vO 

«r\  ->J  0  >fN  CO 

CM         m  CM 
>t  m  CM  CM  ^ 

en    rH    rn   rH  en 

v£)  m  0 

[^    rH    r-l 

O 

o 

a:)  vo  --H        ry 

CM  ir\  iTi  in  tfN 

^  sT         m  NT 

>J    in    r-l 

2 

u 

cu 

bfl 

CO 

1 

Xi 

^ 

_ 

t>   ITV   iH   m  0 

ov  CO  0  O^  *n 

>t  0  C-  00   r-< 

>r  CM  (jv 

u 

CO 

< 

s 

s 

>r  s?  d  M  d 

rH   O*  CO   ^   0 

\D   (3\  0  C^   vO 

rn  0  CJN 

•H 

■v^ 

in  CO  t-i 

-sT    rH   r-l    rH   ry 

CM  CM                 CM 

CM  CM 

2 
2 

1—1 

H 

CO 
Q 

> 

bO 

~ 

1 
o 

0) 

0) 

p 
o 
a) 

0 

0  r-  >n  CO  0-1 

0  m  cy  ■>!■  f-t 

c*^  0  ON  m  0^ 

CM  00  nX 

u 

G 

m 

C 

•H 

CO     P 

p 

X 

E>3 

0 

u 

0  0  (^  en  0-1 

vD  rn  ^  m  0 

•>*  CM  ^   d  CM 

in 

CM   -H  0 

CO 

0 

W 
fa 

CO 

•a 

■P 

2 

■p   x: 

X) 

•H 

0 

r-* 

fc 

rH  0  0  CO  01 

m  CO   t>   vO    r-l 

OJ  0          CM  0^ 

en  0  C\J 

<-<  H  i-H  0  0 

00000 

CM  OJ  0  d  fV 

CM  CM  0 

0 

£ 

-d 

CO 
O 

o 

u. 

^ 

tu 

r-H 

f-(   cd 

a? 

0 

1—4 

w 

0    r-l   0   0^   ^ 

ry  r-i  in  0  C^ 

m  0  r--  CNj  m 

CM  in  CO 

^   rH    lA   P^   vO 

cy  CO  CO  m  vO 

r-  d  0-1  r^  r-« 

pco  d 

u 

2 

(0 

Ofc. 

r-<                    r-l 

r-t 

< 

01        (M 
■O     1    c 

S" 

t^   tn   0    rH    >r 

m  ONOJ  c\j  0 

ov  0  m  t>  PI 

0  vO  OJ 

3  o  i5 

Fh    f^    (D 

s 

Q 

:i  ::f  iP  ^  ^ 

r-i  0  OJ  C^  P> 

OJ   d   ca  >I   rH 

vO  0  CM 

u 

tf 

to 
•d 

O  d,   -P 

CO  CO  ry       tn 

fnVD  vo  vO  vD 

tn  m       rn  m 

m  ^D   r-t 

l-H 

w 
u 

H 

o 

^4 

<D 

>>p 

0 

0 

cy  CO  vo  ro  J- 

H  MVO  H  -d- 

r-*  \0  CO  CM  in 

r^    r-<   '^ 

si  d  '6'fi  sy 

Cy   KNfOKN  0 

c^  c^  OJ  >t  r^ 

-Nt  ry  (^ 

t* 

E 

■^ 

On  On  On  On  CT^ 

ON  ON  On  On  ON 

ON   Ov    r— 1    OV    OV 

On  ON  0^ 

fH 

bO 

H 
< 

to 

8 

s 

CO  CM  J-  r-vX) 

On  On  j-  Onvo 

c^  >r  CNj  CO  m 

0\  ON  in 

8 

CO 

^ 

" 

h-cO  vo  fO  C^ 

t— NO  NO  NO   ON 

so  \0  c^  in  vD 

m  r-  -o 

/ 

a 

S 

0] 

C 

/ 

-H               c 

0)                       -H 

p           © 

•H    -H 
©     © 

|-H 

<U 

a 

/ 

0           p 

P    P" 

V< 

- 

/ 

ih            0 

0     0 

?S 

Tl 

-p 

/ 

».                 F* 

u  u 

o 

•H 

td 

/ 

•H           x; 

©                   CO 

a                 0. 

P   IfN         T3   0 

c 

P>    C          -H 

0                  ©   ITS 

ITNNO 

0^ 

O 

u 

/ 

T3 

©  -0 

S    (D 

CD   -H 

»     <D     ^ 

CO  P  -b 

0    ©    ©   Cm 

0.    3    'H     © 

^§^     Sc 

F-t    U 

• 

i 

/ 

-< 

^   -O   P 

ySt-u             © 
CU   0          -+^ 

ITN   (0          -O    CO 

©    © 
P  P 
CO    (0 

■* 

^ 

U    CO 

NO  E    CO    * 

©    © 

©    © 

^^  -  -•«" 

-  ©    to     E    bO 

bo  tio-o 

r^ 

CL    C    -         g    -r* 

•H    -H     © 

£ 

0     (d   r^   .-)    rH 

fl)     0     *    ■r^   X) 

•C3   TJ    -H 

»H     (D     OJ     OJ    -H 

Id   (S   cd   (d   of 

(4  XI   0  ^ 

©  ©  -d 

0] 

^ 

4I 

t-.     e     ©     0)     6 

©    ©    ©    ©    © 
S    E    E    B    £ 

0        u    to   © 

<0 

E    B    ^ 

•0-0           © 

CO  «M                  U> 

g'g'  - 

§ 

/ 

« 

Q    0    ©    ©   -P 

0  0  c  q  -P 

XI  x  ^  j5  x: 
(S  CQ  en  CO  m 

p  p-  Jrt'  ^"^  ^ 

Cd     cd  r-l    r-<     C 

Cd  3  ^ 
H  t-  S 

3 

/ 

a 

cJ  d  0  0  3 

^,    VH    v^    -H    -»H 

<D     ^   -ri    Ti     Oi 

/ 

CQ  CQ   PI   PI   PQ 

0  lb  U.  (lu.  U. 

SSS  SE- 

f-t  ry  r>  ^t  tf\ 

\0  C^  00  ov  0 

r-t  ry  r>  >!■  to 

(-1   r-f   r-l    rH   r-* 

\0  r^  CO 

/ 

,, 

r-« 

r-<   »-<    r-t 

, 

Sis 

T)  3       ©  tJ  x: 

■-i 

>     C     CD    lfV> 

©    r-l        •     to       1 

K 

t.  ji:  XI 

^  ©  ca  OJ  f^ 

■H    H    r-4     0    M 

©    u 

nl 

<^     ©     0    rH 

n 

c  ^ 

N 

ca  0  u      "^ 

•H     0     tJ 

^ 

©  x: 

tO'j     0 

0  — '             >,rH 

©        X  P  0 

tf 

0 

rH 

^-S^GS 

0 

P«  F<        at   u 

Tl 

P 

to    ©   rH     G  -"-^ 

!J 

©  CO 

01 

*->'^  >» 

!a^ 

P 

©    -^       II      t^      Ul 

-^  ©    C  ^ 

to   Vi           3    P 

>.x: 

f=1 

0>      .    ©   ^   1^ 

x:  OJ  i^  s  5 
+j  r-  M  to  "J 

?     CO    tJ    tM     OJ 

t  ©  ©  0  -^ 

-H 

0)  '-N 

tw 

> 

B     rH 

0 

x:  3   ©   c  P 

>1     © 

a 

©  c  P  J-  Si 

P  f-t  r-j  0   3 
0  0   :J  -H   c 

t> 

rH  x: 

0 

01 

Oh    U 

P    ©         CM  Jf* 

CUP 

©   P 

p 

cd  Jtf  -d^^ 

to  M  H   u  -^ 

0}           of    0)    © 

V.^ 

a> 

0  0  c 

1^ 

■^  -^  0 

--^  U    t.   r-l 

p 

u 

0 

■Sg-^o-co 

© 

X 

a^^  >>^  -H 

K 

©         H    3     1 
0        d  w  ^-' 

x: 

1  '^ 

ai 

X         0        -b 

Fh 

43 

©    rH      3      C 

C) 

rH      i     t*    P 

©   cd    0   0   (0 

(M 

0           w  ^    ?. 

VO 

0) 

Vi       tJ  y  Si 

©    -H     0    ^     © 

a) 

«k; 

p 

©       •     ©    -H    •* 

10    l^          ©    M  H 

© 

U  ^    (U  xi    <> 

^    ©     CO   X)   -H 

x> 

rH 

©          •     «M     0     T^ 

x:  iTN           ;F2 

OP©        t:! 

c   *» 

3 

x:  rt        to 

B       ->   ©    r-J 

rH 

0  -^ 

P 

01 

->    -.  3  w  ~> 

C  V.  S    t^   3 

>■ 

to 

c  c  ©^^ri 

©    <tH    p     0    T) 

Cd 

to  ©           'f* 

3  H  H  -^ 
to   p  '^   (li    > 

>^ 

•rt   J<:   tin         ^^ 

to 

rH 

to    0    0     • 

P     CO              CJ    •r^ 

OJ 

?^ 

P 

■rH            CO 

oi   ©    m  tJ    C 

•H 

©  x:  ©    .    : 

■"   a. 

0 

•H   (tH     C   X> 

•;;( 

W)  P--^  ©      "'-' 

E        ©  (-<  c: 

©  ir\  <Vh  p 

3  tJ  -H    0    0 

D 

0 

M  rH  t;^  cd     T- 

Fi  q  t<  CO 

3  P  Xi    uJ 

P 

n 

t^ 

tJ    0 

*H   «)        >>'d 

•H 

0 

it 

g^^r^g    . 

©    r-\ 

u 

3  tJ 

p 

t> 

M-*    "   CM 

UM^^U 

0    to 

(fi 

Cm 

c  +j  p  x: 

to   iH     ©     M   3 

ft  ft<i-. 

©    ©    0    C  Q 

(Jl 

0 

P    X  -H   ^  ^     •* 

3           UD  >      • 

x: 

©    ft 

0 

©   -H     >-,  P            C 

rH    <M    ^             rH 

ft 

to 

Ti 

<;-.  x:  x;  0       -th 

aj    U 

t„  0  ft  t.    :  > 

>                          •  J- 

p 

tc  0 

cd            ftrl  CO 

P>    r-J     © 

u   at         X 

a 

C    0 

>i^  x:           -^^ 

•H    © 

^     ^,     0    tH^ 

<M 

rf    +J    H             t-J    t^  +3 

to       -^  ©    aJ"-^ 

©    U 

© 

a  ©     (0  iri 

0    © 

©        c\i   0    CJ 

rH    X{ 

<iH 

>        -"-^-H    -H        . 

in    tfN   -H        . 

P 

C) 

-d  vD        ^  ;Ft  ro 
a      .        CJ  Oco 

>»    ©--^   t^    r-l 

^1 

© 

h  x:       00 

© 

vo    •      ^ 

5^     -3^ 

© 

p 

CJ 

©   CM   CM  "'--.^     ■« 
-1          ON  CM   ON    (u 

C             .   CJ 

Tl 

c    • 

01 

*0J   CM   OJ     C 

©^-^      © 

•H 

C    G         ^^^^tH 

a    fTN     to    rH    P 
-rt-^^tJ     Cd      © 

^ 

to  -* 

OJ 

0  ©    "           a 

■H    •«;    ©                CO 

H          -rl     0     fn 

05              tJ      ©    tJ 

0 

C    X 

n 

©     ^    -rt      OJ     ON^.,,^ 

oJ  v.    >iCO 

■^-^ 

^^  x;  5  t.    •  t- 

B    •           x: 

0 

0   to    0  -^  KN 

0   iTN   0    m    0 

tH 

J^  OJ  tH    3  ,Q 

m 

«1 

NO      a    -rj     Cd 

to          tiO  B    0 

<M        . 

0 

3    rH 

aj  ^  CM    0   fi     • 

m 

P      0 

C) 

""    ^  ii  ^ 

W     CJ 

-d  ^ 

to 

©    rH               ©    K^CO 

© 

>>x:         .  0  -c 

KN 

©  a 

P        .    OJ    rH    <-)        ^ 

ft  3    ©    Fh  ON 

1-.  a 

ft 

©    to  p    0 

<^H     C            <«^-  C 

CO     3      ©    rH      X 

<lH 

X 

0 

x: 

S     C          CM    5 

t.     >»         i^  S 

:i..-S§    --. 

■^  0  x:  TJ 

u 

C    tH 

•  p  0  ©    . 

H 

© 

•-i 

H    0  -H    0  ^"  vo 

©    0   ^     ©    H 

P    T) 

t-i 

■H  fc,  £i  a  ^-K^ 

^     U\x^    0 

w 

d     © 

-~^ 

^      0  a  .•  — 

C    -H 

"§  H    ©   u   ©  -d 


<d   -H 
©    P 

01    B 


^    X    p    © 

S    rH      ft 


1' 


d  H  -d 


^   to  CM    tJ 
I     O  © 

^rH     +    ti^ 


■3 

I  >  a 
I  a  N 

iH 
I    P    rH 

I    O    O 

>  a  fi 
© 
©  p 


_        „  ©  r— 

!c     -P 

©  a  -H  © 

©  d  xj  _ 

J    3  -rJ    ©  o        -H  OJ--^ 

X:  P      .^rH"^ 

J  ©  c_)  x: 


:vo 


u/        u  c  •  p 

O  ---.>  3    O  iTN  ^ 

a»CTN©*^ir\ptyr- 

Vt  ^^          P  ©  NO 

UJ    3  -  ©    CM      •» 

C         P  ^  C    bO         C3 

-rl           O   -H  ^   ^       •.  ly 

.    3    tH  ©  tJ     ©  Jtf 

■P  -*   TJ   +*  P           Co 

to      •    p     C  O    «    -^  -rl 

rHt-ftO  ftpObu 


132 


1 

CB    Q) 

o 

„ 

-*          CM   O   t^ 

-*  J-  C7N 

O        ^  rr\ 

m  O 

•H     C 

w 

O          O   OJ   tOi 

O   O  O 

O         O  ro, 

O  -=t 

^ 

~^ 

o       d  d  d 

d  d  d 

d      d  d 

o  d  d 

2 

CD 
1      C 

O 

-J  p  M<»  OD 

rH         rA  ifNCO 

NAVO  00  O 

Ln-4-  NO 

G 

t-H 

O    -H 

o 

•-^ 

VO  t~-  1-1  o  ^ 

ITN         ITN  ifNCO 

ITN^    H   (M 

rH    OJ  CO 

OJ 

O 

-H     CS 

rH 

^ 

o  cvj  o  d  K^ 

o       d  d  d 

O   O   O   (M 

O   O   CM 

rH 

o 

1— 1 

o 

CO 

a 

> 

SI 

1      CJ 

SO 

o 

CO,  rH  (M  CO   I^ 

NO                (3\ 

NO   to,  ON  CM 

in-^  m 

H-> 
CO 

J 

•H 

-P     C    -H 

o 

H 

m  H  OJ  i-H  o 

VD                CM 

^   fA  CM  m 

H  CM  ON 

0) 

<; 

•H 
> 

C      0)     O 

cd  ^   < 

P4    -P 

^ 

O  O  O  O   CM 

d           d 

O  O  O  (A 

d  d  ^* 

c 

bO 

H   M   CM  -*    CM 

tAKN  CM 

NO  rH  00  m 

CO  fn  CM 

B 

< 

•H 
CJ 

o 

O 

m" 

0\  t<\j:t  ^  VO 

t— t-y  ON 

ONI--   rH    CM 

00  O   H 

4-> 

cS 

H 

-^^ 

cm'  o  d  d  d 

ITMTM--^ 

uA^*    d    rH 

OJ  ^'    r-I 

o 

O 

-H 

^ 

a        1 

•H     CO     OfH 

<§> 

On 

<u 

Ui 

E    cd    ^    (U 

o 

■ — V 

O 

3 

fo 

a         OS    C 

4->             O     <U 

r-l 

o 

• 

o 

u 

•H    <      1     4J 

>       ca 

^ 

CD 

w 

CO 

bO 

OD    rH    rH    O  ^ 

O  O  O  ^  ON 

o  o  ON  o  -=)• 

o  o  in 

Q 

CO    U 

O 
O 

IZ 

-*   OJ  O   H  CJN 

ir>  rA^  mvo 

-*  CM  O  H  H 

10,00  t-^ 

o 

O    O 
P4    P( 

M 
^ 

d  d  d  lA  d 

rH  tOv  KN  CM  ro 

-*  -4-  o  rH  m 

J-'  <M  O 

25* 

(0 

1 

Cti     <U 
to    CO 
C     OJ 

bO 
O 
O 

s 

-*         OJ  (M  rov 
VO         J-    rH   K\ 

ON        O  l~-  O 

ON           (M    OJ    rH 

00    t^  O  NO 
00    rH  O   (M 

P   OJ  -* 
t^  (M  OJ 

cd 
in 

CM 

O 

t-H 

td 

cd    C 

^ 

d  o  d  H  d 

lA          OJ    CM    rH 

o  rH  d  d 

O   <M  O 

H 
1— 1 

o 

-P 

CO 

a 
o 

OJ 
bO 
O 

o 

n 

* 

CM 

o 

CO 

Pk 

0) 

<L) 

Sh 

-H 

ir\  H-*  CO 

o      t-o 

o           in 

OJ    rH    rH 

OJ 

d 

M 

^ 

On  OJ  ^  CO 

rH        ITN  ^r^ 

IfN 

in  m  (M 

o 

O 

g 

OJ  -^ 

CO 

r-t    CM 

> 

i~, 

o 
o 

H 

O  O  t^OO 

ON        VO   OJ 

t-i                 ITN 

o  CO  m 

OJ 

u 

to 

0) 

ft 

o 

O  O  CO  ON 

lA       CO  O 

CVi                       rH 

O  lo,  ^f^ 

h 

ft 
o 
o 

O   H  rH  H 

KN        d  (M* 

r-I                       H 

(M  ^  in 

< 

< 
H 

> 

Q 

O 

a 

hD 

J-   O  (M  O   ITN 

O  O  O    rHNO 

o  o  OJ  r-  t~ 

O    O    rH 

£ 

O 

-H 

!h 
D 
ft 

CO 

-^1 

O 
O 

H 

pq 

NO  roi  t^  rA  rA 

in  t^  o  (M  t^ 

t^   t—   rH    CVJ    C3N 

Onvo  o\ 

a 

O    O    rH    ON   r-i 

OJ  CM 

rH 

CO     ON  O     rH    d 
r-t 

t~^  ind 

P> 

•H 

> 

/ 

•H           a 

c  c 

d 

Z 

1 

CO 

/ 

0)                     -H 

•H    'H 

. 

< 

CO 

U 
W 

a 

/ 

+0                  0) 

p           -p 

1)     1) 
-P    pl 

M 

a               1 

f 

h              o 

o  o 

rH 

J 

U 

3              / 
+^             / 

C                     ft 

ft  ft 

II 

o 

H                      / 

+^                     / 
CO                     / 
d                   / 

c 

•H          x: 

4)                      CO 

4)   O                 -tji. 
+J   IfN         tJ  O 

^^ 

§ 

w 

E 

+J     C            -H 

o            0)  in 

in  NO 

(U 

CD 

o            / 

T) 

O    CD    (U    Ci^ 

!h        ^           -H 

4J 

2:; 

u          / 

g    <U 

ft  a  -H  4) 

ft   ft          !^      •- 
cd          Td    Vl 

u  u 

o 

t-H 

■rH 

< 

CCJ    -H 

^    il    u 

K^  OJ  «  -d 

-tP.  ^             cu 

OJ    O             -  P 

1)    CD 
P>  P 

cd 

o 

(H 

■ — ■ 

a)  +3  T) 

in  CO       Tj  CO 

CO     CO 

1 

t 

^H      CO 

^  a  to  > 

<U     (U 

0)    <u 

ca 

3     rH        -      ^M 
O     Cd   rH    H    H 
rH      CD     cd      Cd    -H 

•>  (U    CO    a    bO 

to  Wt) 

• 

in 

(U 

13 

/     '" 
/       3 

r-i    r-{     H    r-j    r-\ 
cd     Cd     cd     CO     Cd 

ft  i3  -   a  -H 

Id    O    >    -H   tJ 
Jh  X>    O  >! 

•H    tH     <U 
•d   TJ   -H 

!> 

/         +^ 

CM  a  K  <u  a 
s  a  fi 

CU    <D    0)     CU    0) 

O            CJ     CO    QJ 

OJ     0)    Til 

NO 

CO 

/ 

/                 CO 

a  a  a  a  a 

CO  o8              hO 

M  bO 
CD    cd     ** 

o 
o 

(D 

/ 

O    O    0)    0)  -P 

o  o  c  c  p 

^  ^  XI  j::  J3 
cd    CO   CO   CO   en 

^^;^^-S 

o 

1— 1 
> 

/ 

(i< 

H   H    O    O    ;3 

PQ  (p  pq  PQ  m 

fn    -H    -rl    -H    -H 
O    pt<    |i,    &<    tN 

^^ggg^ 

H    EH    S 

d 

H   CM   rO^    ITN 

NO    t— CO    ON  O 

rH  (M  tn^  in 

VO  t^co 

rH 

1 

-i 

r-t    r-t    r-t    r-t    r-l 

rH    rH    rH 

133 


-^T^ 

^    (0 
cd  -H 

§ 

if\ii^ 

>f                c^ 

cr            rH 

f^    o 

O^            ^  rH 

CM                         CM 

CM          (^ 

r^  en 

Q 

W            rH  r> 
C3           r^   M 

CO  r-  CM  >o  f^ 

o  o  rH  cr  cr 

O          >J-  CM   CM  00 

•si  (r 

O^  CO  \0  o*  ^ 

CM  O  CM  *o  t^ 

en       CM  o  <^  O 

CM   sD 

O 

rH    rH 

r^ 

(V       n  ri 

CM  CM  CM  CM  OJ 

cn  (n  en  rH  CM 

en       en  en  en  en 

CM  CM 

3 

O     (d 

J3  o 

CO 

o 

^fl 

•o 

to 

w 

u 

o 

,->.   (D 

o 

CO 

0)   -H 

iH    rH 

o 

2 

r-.       >r  >I 

C--   •^»    f-   O   rH 

CO  m  sD  C^  to 

rH            >!■   O   f^   C^ 

O   r-t 

d 

s 

rH  rH  CT»  O  Oi 

fn  en  00  t^  cn 

C^        ir\  e^  *0  vO 

en  cr 

bj 

(M           n  n 

cn  cn  CM  n  m 

r^  tn  en  f-H  r\ 

en        r^  e^  en  r^ 

CM  CM 

PQ 

■H 

1    a] 

OJ 

Q 

^-'O 

o 

ir\ 

>r>f 

en                 «£) 

00        O 

CM    00 

w 

13 

U3 

8 

CO         r-^r^ 

<M                        CM 

CM        (^ 

f^  c^ 

+j              cr 

2 

ir»        D-  (*> 

vC  C-  »r\  O  en 

O  >A  CM  en  t^ 

>j-       c^  >t  cr  rH 

O  en 

d        t>  to 

■4-   rH   m   ^   t»^ 

o  \0  o  CM  cr 

CM         d  >n  fV  E> 

so  r^ 

o 

^  ^  tr   ^ 

^ 

^.-^         C^  C^ 

t^  t>  vO  £>  t^ 

CO  C^  00  >I  v£> 

CO         00  [>  CO  c^ 

>r\  \o 

►-4 

H 

O               Jh 

60 

CD 

^ 

S" 

rH 

CO 

CM 
CM 

i 

4h 

•H 
U 

1^ 

o 

fJ3 

J 

O          r-\  CM 
\0          rH  r^ 

tn       cr  <> 

C*^          Nf  00 

j-^       en  o  i> 
NT       i>  CO  cr 

en                      o 

cr  (*>, 

ES  Al 
IGIN 

4h 
CO 

S 

S9 

(0 

<M          vO  \0 

<r*       CM  ifv 

vD             en    rH    rH 

en                      f^ 

in  >t 

rH 
O 

J3 

-H 

o 

be: 

CD          r-i  r^ 

CM          «0  00 

CM 
rH            en   Cn   rH 

rH           CM   >f   Cn 

ITi                               00 

cr                    -"t 

en 

o  n 

J  O 

t3 
♦J 

(^ 

tio 

rH 

CM 

n 

b< 

rH 

rH 

O 
CM 

fn 

GY  VA 
LANT 

§ 

01 
Q 

CO 

8  " 

•-^ 

CT'            «r»  CD 

vO          t^  CM 

ic\       <r  i>  CO 

en       rH  o  »rv 

m                                rH 
00                                »A 

O  en 

— 

& 

o 

9 

rH   CM  >i-     ON   f^ 

rH                   CM 

CO  cr  m  vD  00 

C^        O  -4^  C^  >!■ 

a 

a,  -^^ 

.-H 

■^ 

'sl        o  c^ 

t^go  n«^ 

vo  CM  vD  o  n 

O           rH   O   C"   O 

d  cr 

)SITION.   ENER 
DSTUFFS  OF  P 

g 

y 

c 

1 

■♦J 

■H 

> 

■a 

us 

■a 

rH.         M 

CM  en    1  en 

CM          CM  CM          m 

to 

1 

s 

0) 

CO  r-t   o^  CO  ry 

rH  CM  vO  cr  rn 

fn  rH  tr*  c^  a* 

»A       o  m  r*-  vD 

CD  o 

CO  r^   0^  rj  r\i 

U^   C^   <»^   vO    rH 

rH    \0   CM   CM    tTl 

CM         -4-  I>  CM  m 

O  >f 

1 
o 

C&      1     O 
Jh    X    03 

o 

o 

[>  (M    O  vO  C^ 

•>!  c^  cr  c^  cn 

cr  CM  M  en  c^ 

o       c^  \o  o  cr 

.-*    v£) 

O^  00    CO   vO  CQ 

cr  m  o  <M  vo 

CO  00  CD  lA  t> 

vo  -J  -J  en  CM 

r^            rH    O    nO   yD 

CM  CO 

ft) 

O 

r-* 
CO 
-t-> 

o 

■p 
(d 

X) 

1            -P 

(0 

c 
a> 

c 
o 

cn  r^   (^  vO  \C 

u**  rn  >t  sD  ^0 

>t       ^  >f  vD  en 

v£>  to 

•a    ® 

U    -H 

o 

rH 

[s^ 

CM  OO    CO  >t  CSi 

>»■  cr  r>  ID  %o 
ry  rH   CM 

o  00  en  m  o 

^O  CM  -st  cH  CO 

<-H             r-l    rH 

O  CM  cr  sO  CM 

CM  r^  en  r-  rH 

>t         o  en  L^  r-t 

r^       cr  en  >t  CO 

o 

O    rH 
rH 

^ 

■a 

E-H 

bi 

o 

OMPC 
FEE 

o 

4-J 

o 

•Of, 
U    a) 

HO 

8 

rH 
\- 

tlO 

W 

00  ON  o  o\  oi 

I>-  CM  ir\  rH  CM 

cr  o  o  cr  CM 

CO       cr  c^  c^  vo 

^0 

o  >r 

CM  rg  CM  rH  CM 

O    rH    vO   en  m 

en  en  CM  O  vD 

CO        00  \o  w^  "A 

(H         CM 

o 

OO  a>  vo  c-  c^ 

c-  CO  NO  cr  en 

(T    \0   cr    rH   CM 

en         CO  O  00  o 

«.  "^ 

U   " 

ti 

3    0- 

8 

Q 

t>  o  c^  f^  a* 

d  vc  c^  <n  ts 

00   sO   CM   ^    rH 

00         00  CO  o  m 

•  CM 

CO 

m 

tJ 

O  Pu  ••-> 

\ 

r^    t>^     f-^    r-A 

rH   >J    CM 

CM  >t      -^r 

CM          CM  CM   rH  en 

CM   r-t 

J  H 

(h 

EMICA 
TRIEN 

CD 

8 

W1 

O 

in  CT'   ry  >t  o 

cr    C^    <r    rH    rH 

o  rH  >!■  en  CM 

cr            rH    rH    cr  CM 

O  cy 

r>  CM  CM  g;  o; 
en  O    CT*  03  CO 

rH   r^  CM    O    *0 
QN    Q\    0\    0\    00 

in    rH   rH   >!    CM 

OO  o\  cr  00  (T 

CM       c^  e^  cr  rH 
cr       CT^  cr  *o  cr 

jig 

0) 

o 

CQ 

O    rH     00    \0  O 

rH   f^   rH   O   (T 

o  cr  vO  r^  CO 

r-<           cr   cr    rH  CO 

O  CO 

^O    I>     C^    O   rH 

00  vc  C^  cr  cn 

m  00  00  >n  o 

r*      no  vo  o  CO 

\0  cr 

O 

s 

t>0 

r^  rH 

r-K 

H                      rH 

f-^ 

CM 

/ 

CO 

(h 

/ 

C     C 

O 

u 

w 

/ 

^   tH      C 
0      CD      -rl 

c       "^ 

2 

H 

o 

3 

*■ 

1 

/ 

O    O    +J 
Jh     fn      O 

•H             C 
<D           9 

■P         o 

J3                  o. 

< 

u 

1 

a.  CL  ^<  v> 

Q,  D9 

2    b 

rH 

o 

S 

s. 

I 

J 

rH 

a 

c  c 

•H   -H             C 

CD     CO                               •>■ 

hj 

CO 

1— • 

n 

<- 

) 

1 

•o      K     & 

-P   -P           CD 

^    ^                            -H 
<0    (0                  -P    <I> 

§ 

X 

o      cvi       a> 

22    ? 

Q)  Q]         (D  4-1    o 

o 

o 

(D    ®     t5   C-. 

i    ^-    £ 

a.  o.      fH 

rH             U 

u 

o 

■tJ  -P     4*  -n 

o- 

C  C      J3  >e.cL 

■H 

OS 
Oh 

■3 

CO    <d     H    CJ  +^ 
U    U     "i    <A    m 

•d  -o    o  a,  CO 

(D          o 

■(dtp. 

t^ 

1 

< 

*-P  ^          w 

m  m  u       — 
01  00  -a  -o 

0)     <D             <D    rH 

&5      *J 

O     O           rH           Tg. 

CJ 

Sj 

1 

dehy 
dehy 
sun- 

C    CO 

§    -  .      ^ 

m    0)  fO» 

T3    "O                    +J       -^ 

(d 

o 

(D  >>    ^^  a) 

rH    X>    rH     CO       -^ 

©     ©           T3    ^H    rH 

tf          CO    h    o 
O     0)    -rf 

,-*     IS>     la    t-*    r^ 

•rH    •rH              O    ^     t& 

a  T3 

• 

i 

1 

T3  ^ 
^     ^      -  3  C-. 

%.t%-^% 

^^  rj 

o 

3 

i-H    r-)      rH    rH    -rH 

S    -r*     Cd        -^^ 

A  a 

t*- 

u 

1 

(d     CD       Cd     O     U 

-'d     birH     o 

•>  G    C 

-      -             -      TJ   rH 

CJ    3 

bD 

a>    (D      (D    X    (0 

H->  0)  a>  -o  -o 

to     O     to     to      (U    "rH 

rH 

1 

a  E    a  ID  cu 

O-                 3 

C   -P   -P    <D     <» 

f^     h     (D     Fh     OJ     O 

*    CJ 

§ 

/ 

<l>4 

rH   -     -      Q.T3 

(5    3    3    (D    <D 

0)    <D   rH     CD   4-1 

to    X 

/ 

^ 

;3    m   M          q 
O.  ft   h   CO   S 

T3    rH    rH     00     0) 

^    rH    4D    rH            T3 

(D     (D 

/ 

<„  ^  t«  >^  >i 

tto  bo  c  a 

rH    rH     3   rH     >»    0) 

to 

f 

rH    rH     rH     a>     (D 

(D    (D     3 

o  o 

•H    -H    rH   -H     d     ® 

to     - 

n 

/ 

0) 

CO     Cd       Cd    rH    rH 

^    %     ^     U    ^ 

c    C    C  +^  +J 
u  u  u  -^  -^ 

■P    +^     O    -P    -H     "^ 
CO     OQ     to     to     a     G 

Cd    CO 

4f 

/ 

t3 

333^^ 

O    U)    0)   ••->     Fh 

OQ  m  (5  o  u 

r-*    HJ 

3 

3 

/ 

<D 

o  o  o  o  o 

O   O   O  O   CJ) 

■rH    -H             -rH     O    •r* 

O  Q        Q  U  t-^ 

SS 

rH  rg   (^  NT  m 

\0  c^  00  cr  o 

rH  (M  en  >j-  tn 

\0  c^       00  cr  o 

rH    <M 

rH 

rH    rH    rH   rH   rH 

rH    rH             rH    rH    CM 

CM  CM 

«> 

3 

rH 

rH 

3 

a 

„— K 

\0  CO 

o 

o 

*H 

o 

n 

■p 

:1 

t^ 

d 

a 

V. 

O 

o 

o 

^ 

n 

o 

«) 

rH 

>, 

ft) 

C) 

)f, 

O 

u 

X 

+j 

J3 

V 

CO 

ft) 

ft) 

0) 

-H 

o 

a 

o 

P« 

r-i 

+* 

!> 

rH 

-P 

ft)-\ 

CD 

V 

H 

O 

a 

ft) 

■H 
*> 

ft) 

SS« 

p 

X3 
■P 

ir\ 

^ 

■r( 

o 

■H 

a 

cn 

▼H 

!l 

M 

01 

£3 

Ti 

CJ 

ta 

ni 

ta 

•P 

C 

OJ 

3 

ft) 

0) 

to 

H^  4h 

5 

?i 

* 

o 

01 

d 

M 

^ 

o 

?^ 

+J 

1 

n 

ft) 

4) 

vn 

§ 

■P 

o 

f-t 

o 

rH 

a 

CM 

3 

to 

o 

^ 

tH 

■rH 

u 

•^ 

»o 

^ 

^o 

m 

•ri 

1 

a) 

o 

S 

1 

o 

5 

01 

ir> 

■p 

Fh 

■H 

.;; 

+j 

>>  Fh 

T) 

4) 

1 

d 

P.-* 

aj 

»> 

a 

a 

M 

Tl 

o 

<U 

^ 

♦J 

H 

() 

^ 

o 

t) 

CJ 

3 

O 

■H 

X 

CD 

0) 

01 

+j 

(\i 

ti 

P< 

ft) 

to, 

a> 

J3 

> 

rH 

o 

U 

■rH 

^ 

0) 

m 

01 

o 

%* 

Tt 

d 

•r( 

rH 

+j 

O 

> 

> 

ft) 

cy  ^ 

al 

tn 

Vl 

1 

ol 

a 

CM 

Ot 

«l 

Fh 

Q' 

Bl 

ft) 

Cl 

N 

ft) 

!?, 

:m 

o 

+i 

o 

Q) 

at 

Vi 

fn 

tH 

43 

3 

T) 

0) 

3 

rH 

OJ  CM 

ID 

•rH 

^ 

O 

■P 

1) 

Lh 

>> 

Fh 

pOXI 

ft) 

■t 

y 

•H 

O 

X) 

O  -:t 

ol 

rt 

ft) 

ft) 

^ 

H 

Ft 

T) 

4h 

f-i 

<■> 

+J 

5 

d 

O 

ii 

01 

Tl 

s 

^ 

03 

(0 

. 

-i 

O 

0) 
e) 

V, 

a 

-d 
hJ 

,?,?; 

C 

Tl 

la 

o 

d 

^ 

1 

CO 

K^ 

(U 

fl 

4> 

+j 

o 

O 

M 

o 

0) 

O) 

a 

•n 

e) 

o 

P.t- 

rH 

f^ 

<i 

01 

■rH 

H 

iTN^rt 

d 

f 

•rt 

p 

■P 

W 

p< 

fi 

n 

ol 

Tl 

(h 

01 

O 

F^ 

■rH 

o 

N 

■*-> 

•ri 

H 

m 

d 

4^ 

-1 

£ 

Tl 

Fh 

& 

a 

P 

at 

(0 

C> 

jd 

•-* 

d 

H 

K> 

o 

Fh 

(0 

ol 

f) 

CM 

C) 

t-\o 

V. 

>> 

nf 

*H 

X 

3' 

(J 

•a 

d 

0] 
4-t 

fi 

ft) 

2 

-I 

al 

0) 

■H 

■p 

5 

-p 

^H 

Fh 

ft) 

£ 

a 

a 

■H 

CO 

a 

4> 

3 

rH 

^ 

CO 

ft) 

H-> 

K,?i.S 

C) 

^ 

bO 

o 

<u 

ai 

-1 

•H 

t 

a 

^ 

V. 

Tj 

r- 

5 

01 

*i  ooo 

o 

•1 

X 

Fh 

VO 

d 

^ 

ir\tr\ 

> 

-p 

^ 

0) 

o 

OJ 

§1 

■^ 

o 

■P 

>-l 

ft) 

C") 

o 

rH 

O 

•rH 

d 

-H 

hJ 

at 

R 

ft) 

d 

fi 

01 

0) 

cyco 

fcri 

al  X 

to 

C) 

CO 

X 

M 

>. 

ai 

CM 

o 

a; 

0) 

Tl 

-1 

CJ 

rH 

> 

^ 

m  -H 

r-A 

■rl 

d 

^ 

•P 

^ 

Fh 

Fh 

o 

1 

s 

CM 

Ol 

s 

^ 

o 

s 

u 

a. 

(0 

5 

g 

ti 

e) 

rH 

Ul 

fn 

a: 

G 

CJ 

ft) 

r/i 

^ 

+> 

Cl 

a 

d 

t) 

1 

K\TJ 

•a 

o 

ti 

rH 

o 

■p 

ft) 

-^ 

^ 

■rt 

i 

01 

-3 
ft) 

1 

t^ 

•§ 

^ 

^"^ 

4-< 

a 

m 

01 

(f> 

d 

ft) 

r- 

H 

^f^ 

o 

■p 

Tl 

o 

CM 

-H 

01 

p 

rH 

M 

(1) 

Si 

3 

S 

J^ 

tM 

00 

(i 

01 

«-.  ^ 

a 

o 

■rH 

■^ 

w 

■3 

t) 

d 

■q 

Q) 

n 

>> 

■p 

T) 

ft) 

«-. 

S 

rH 

o 

d 

ft) 

M 

H-> 

It. 

ft) 

rH 

0) 

rTN 

X 

0) 

CO 

f) 

01 

01 

a 

CM 

^ 

-J 

0\  Ti 

P« 

Q) 

*H 

ONK 

d 

fl 

f-i 

ft) 

>1 

f, 

o. 

Fh 

M 

o 

F4 

ft) 

d 

01 

1 

C> 

X 

o 

n 

V 

ft) 

to 

■rl 

■^ 

m 

^ 

tl 

H 

n 

I.  CD 

M 

Tl 

u 

^ 

O 

t-) 

01 

01 

rH 

rr 

at 

OJ 

•r* 

o 

u 

1* 

o 

> 

fi 

H-> 

<) 

Tl 

Tl 

Q) 

^ 

^ 

CJ 

A 

a) 

H 

4) 

d 

tr\ 

V 

a) 

S 

flf 

O 

+i 

4) 

VO 

LlH 

t) 

a  D 

o 

m 

t^^ 

•r< 

tj 

d 

*H 

f\l 

^r\ 

al 

v^) 

^ 

ft) 

m 

4-. 

■P 

-p 

M 

■P 

d 

(0 

& 

O 

4-4 

^S 

5 

d 

o 

•rH 

o 

ft) 

o 

a 

O 

U 

J 

o 

■rH 

ft) 

s: 

(u 

+i 

t^ 

OJ 

a 

^ 

Fh 

M 

C) 

<« 

at 

fn 

in 

O 

U] 

n 

rH>0 

^ 

lO 

-H 

5S 

i 

o 

o 

\r\ 

05 

5fi'?^ 

■3^ 

t- 

•* 

i 

+j 

01 

tj 

ta 

(M 

>, 

■»H 

X 

X 

ai 

^ 

fil 

•rH 

ol 

G 

I. 

■H 

o 

CC  ^ 

■H 

H 

Fh 

n 

Fh 

rH 

o 

4-> 

•a 

t-H 

O 

11) 

cr   rH 

ft) 

rr\ 

♦J 

+ 

^ 

d 

o 

J4^0 

+J 

(J 

N 

ft> 

K> 

•rA 

O 

01 

i^. 

rH 

t) 

m 

C3<+J 

L. 

o 

F2 

•rt 

CM 

if 

^ 

ft) 

ir\ 

tJ 

t) 

Tl 

ii 

»0 

d 

O 

d 

Ky 

0) 

3' 

H 

0) 

rH 

u, 

•rH 

-1 

ft} 

O 

ft) 

» 

M 

>* 

!f, 

^ 

^-i 

t) 

d  V) 

rt 

01 

o 

V 

*> 

rH 

ft) 

X 

a; 

^ 

4) 

ft) 

CJ 

ft) 
d 

Tl^:l 

-^ 

un 

P4 

Fh 

■p 

a) 

a> 

4) 

-rHVO 

•n 

■rl 

4-1 

rH 

a 

rH 

H 

,?5 

J3 

CM  CO 

i> 

■P 

1 

A 

X3 

1 

S= 

+ 

p* 

01 

ii 

C-  CM 

■P 

ID 

-H 

d 

% 

1 

•-3 

Q) 

•rl 
01 

rH 

+> 

cr 

~~~ 

ft) 
Mt 

." 

s 

C3 

•*H 

>» 

£> 

rH 

S 

;; 

o 

0) 

o 

, 

i^ 

a 

u 

n 

fOrH 

rr\ 

>»'tJ 

q 

Tt 

■p 

K\ 

9 

P 

tH 

01 

^ 

X 

ft) 

3 

3*6! 

^ 

81 

ftT 

X] 

^ 

+> 

■H 

IP. 

ft) 

»H 

S 

a 

Tl 

S^ 

^ 

s 

rH 

cy 

Fh 

la 

n 

Si 

-S 

51*  a 

■p"^^ 

o 

ry 

O 

f> 

>i 

vi 

ft> 

5 

o-^ 

o 

rH 

cu 

5 

+ 

to 

i 

CD 

s 

$. 

§• 

CM 
Ol 

134 


(DO 

rH     m 

0             rH 

IT,    >t  ^ 

»rv            rH 

r-           ON 

1  .o   a> 

f^             f^ 

^  rg  eg    _ 

in        so 

\o           ^o 

to     OJ    -H 

0 

-4-  rg  ON 

to  rj  H  tv  f<> 

nO  ->r  »r\  0  0 

if\i>  ^  ^ 

rH 

eg  t> 

+5    N    ^i 

0 

0    rH    E^ 

(>-  en  0   rH  -* 

0    rH  rH    CM  CM 

>t  0  On   t> 

0 

CM  CM 

®   ^    O 

2    rH    nH 

O     CO 

"'~' 

Oi    f^   fNJ 

eg  ri  rn  en  fO 

rn  en  en  e~i  en 

eg  CM  eg  eg 

eg 

CNJ    OJ 

^  O 

0 

SO 

■a        CO 

8 

^r\   r-\   r^ 

>t  l>  n  rH   so 

ITl  -^CO  0»  0 

en  -4  to  -nI-  >r\ 

eg  t>  t>-  ON 

OJ 

>A  00 

CD   rH     h 

rH 

rH 

2 

C^  ir\  0 

ON  m  eg  -«t  Q 
rg  en  en  en  -J 

C^  eg  ON  cjN 

CM 

^  >J 

©    ^     O 
bO-H    rH 

'^ 

OJ  m  r^ 

m  en  en  <n  en 

egcn  CNj  CM 

ej 

eg  CM 

S^S 

(0 

0 

.    - 

to        0 

->r  tn  rn 

•>t       0 

vO                CO 

CO 

"Total 
Digest- 

Ible 

»u- 
rlents' 

r\        n 

^    CM  CM 

m       NO 

0             sO 

8 

g 

>t  0  eo 

-4-  rH  en  tn  CO 

>t  NO  c^  0  0 

en  eg  lA  lA 

0 

<A   SO 

C(3  t>  ch 

On  en  ir\  o\  in 

NO  CO  CO  0  0 

rH  Nj   en  CO 

O 

r-\ 

bo 

vD  r-  vo 

^0  CO  C-  >  CO 

D-  c-  i>  coco 

vO  r-  t^  y^ 

lA 

>A   lA 

1— (  ^^ 

(0 

■p 

ti 

^ 

en   ON      en 

ON 

»A 

4> 

Q> 

^IJ  t  -  to  t^  ■««■ 

*r\ 

NO 

Q  3 

vi 

U 

1 

o 

13 

>i  0  c^ 

ON  eg 

eg  r-  ON  >A 

vO 

-4- 

Z  c 

Un 

■+J 

^^ 

■^ 

00   f^    rH 

0  0  m  eg  m 

(^  OJ 

ON  ON  CO  eg 

lA 

CO 

^ 

3 

B 

&2 

1      Ctl       fH 

>!■  m  n 

»n  sr  ^  ^  rH 
'5       fX 

eg  so 

en^  >r  ^ 

ey 

r\t 

LUES  A 
IN  (Cont 

H 
Pt 

H 

o   cd 

o 

8 

rH 

u 

•rl 

h? 

ITN  fH   rH 

.^  — irv  - 

-4-   OJ         CM 
OJ  OJ  CT\'-i  H 

CO 
ojcq 

NO  CM  lAlTv 

t^ 

CVJ 

(0 

t^ 

U4 

^ 

ro  tr\j^ 

d  rH*  d  H  d 
1        1 

lf\rH 

fO  rH   0    OJ 

i 

f-i 

tio 

rH    C^           H 

C^ 

m 

(0 

•t^ 

8 

-4-  •>*      ir\ 

m 

NO 

Si. 

00 

•-3 

to  CO  0 

ir»  0  cr  m  OJ 

m  ir» 

CO  CO  rH  »A 

%o 

r^ 

<;  o 

a 
o 

■H 

fc. 

rH 

■      ' 

^  0   rH 

r-^  d  d  cnJvo 

d   rH 

eg  m  >*  ^ 

0 

r^ 

ERGY  V 
NT  ORL 

-t-> 
■H 
CO 

a 

M 

rH 

r-1                      rH 

1    a 

O    -H 

£5 

rH 

HH 

VO   rH    Oi 

35      S 

rH   N    0   C>    rH 

NO 

»f\   rH  >!■  to  en 

eg 

nO 

>A  C^  0  C^ 

d 

en   rH 
rH   \0 

vO  0   ON 

\0   On   0   ON   >* 

-4-  C-  OJ  CM  CO 

en  en  >f  rH 

04>t  d  rn 

bO 

ry 

rH       en 

1-*  r-i    i-i    r-l 

r-t 

rH   rH 

1 

j:^ 

1 

c^  0  c^ 

rH   <M   ON    C^    \0 

>f»  COCO  tx> 

rH  \o  no  eg 

rg 

rH    0 

is  < 

to 

< 

y 
^ 

s 

n  rn  d 

rH 

r-i    \£>   f-i    r-t   ^ 

r-    UMA    rH   rH 

-oen  >t  >t 

CO 

C^    CM 
r-i 

>• 

bl 

t 

0 

W 

,_^ 

rH    0    tS 

>A  NO  O'  en  m 

^  ON  CO  en  t^ 

0  »A  eg  NO 

>£> 

lA  t^ 

Z"fe 

1 

in 

g 

o 

&3 

>.       1       0 

1  u  u 

Z           -P 

0 

r-» 

0 

CNJ    r-    rH 

v£)  ir»  -4- 

>»  ^o  d  rH  >r 
r-  tn  P-  S  c\j 

0  c^  rH  CO  eg 
m  ojen  xo  c^ 

en  00  to  vo 

lA  »A  »A    IfS 

CD 

® 
a) 

0^  0^ 
en  en 

0  o 

^ 

u 

"1 

2f 

~ao 

s 

Li 

CD    Ph 

0 

0  w  c^ 

r-.  rfN  ^  eg  0 

trv  vocjN  NO  r- 

On  ON  0  C^ 

0 

a\  vo 

(h   CO 

s 

1 

^S" 

-a  (D 

0 

u- 



r-t  r^  c\i  Oi  tr\ 

m  m  »rv  CM  OJ 

a^>*  0^  so 

£ 

CO 

so  so 

MPOsr 

STUFF 

•g 

o 

o 

0  u. 

^ 

<M 

eg  r^ 

•3 -J. 

t^    CO 

w" 

•^   eg   rH 

tr»  rH  cn 

0  •**  f-  ON  0 

CNJ    rH    rH    eg  to 
rH                      rH 

en  eno  co  O 

lA  «-VrH   rH  CNJ 

m  *o  c^  0 

•nI-   ■^t  -4-    >A 

0 

eg 

>t  CO 

eg  eg 

0  p*. 

bo 

•s 

bo 

O  P 

<J; 

-o    0   c 

8 

q" 

0  -sj  CO 

rH  0  so  en  C7^ 

rH  rg  rH  eg  ON 

■Nf  rH   C>    sO 

to 

rH  eg 

u  w 

a: 

0       -p 

ON   en  CM 
eg    rH 

0  eg  eg  rH  [>■ 

r-i   rH    rH    m 

cj^i^^Q"^ 

voco  en  C^ 

f-i  r^   r^    r-t 

rH 

sO   rH 

rH  eg 

EMICAL 
NTS:    FE 

? 

-1 

8" 

rH 

0 

OJ  r-  0 

CO  en  ITS  >t  0 

00  CO  vO  ^  OJ 

C^t>  ^    r-t 

lA 

0  en 

i 

H    6    rH 

ON  ON  o» 

CO  Ch  CD  CO  Ch 

fc  SS  coS 

iiii 

i 

CM  eM 

ON    0 

O 

8 

"S" 

CO  f^  0 

eg  [^  lA  *o  0 

rg  (M^  >t  to 

en  en  no  On 

lA 
0^ 

0    :^ 

to  c^ 

CO    CJN    ON 

OJ  0^  d  d  d 

rH           rH    rH  rH 

0  0^  ON  00 

»-l                 r-<  rH 

0  0  c^  cjN 

rH   rH 

K  W 

1 

7 

^5 

Lt 

60 

CI 

+- 

7 

W  H 

8 

/ 

H  p 

P. 

g 

<  2 

0 

G  ai^ 

S 

(0 

c 

-H   -rl    X 

<u 

c 

4J    +J                  +J 

0    0  -P          OQ 

F-t 

L.  t<  B       a 

CO 

O 

0.  0.  ID          0 

bo 

•0   T3 

o 

•d 

>  h  0 

«     5 

S  8 

tf 

FU 

o 

2 

-p 

CO 

rH  >t  0  +^  0 

■H   <tH 

-rt            -O 

0 

CO   TJ 

i 

-      .     -   »  -rl 

rH            -H 

>irH 

0  ® 

rH   rH  rH           O 

CD  d  d  x}  e) 

-o  m  B 

x:  CO 

(0 

0     CD 

0 

TJ     bp 

th  q  T) 

CD    CD 

§ 

CO 

u 

<D    (D   Q    d  C^ 

X)  e 

• 

u 

JO             0  c 

a  a  a  h   __ 

^-^s 

^ 

•rt        «. 

rH    -H 

-<^ 

>o 

«M    T) 

•s  ji;         ^0) 

rH    rH  rH    T3   -P 

C    3    CD    C 
d    0    Fh    CO 

>> 

>>  (0 

r^ 

f 

•H    rH 
U     CD     C 

a)  -H  a 

c:;  01  c:  s  (-■ 
^  ^  ^       bo 

•H    T-t  -H     ^  «n 

0  0  0  3  0 

CO 
Xi 

(fl  <I> 

X    rH 

^ 

/                        V 

CO    rH     oJ       ^ 

x:  m 

f-i  H    0   -P 

/                         't. 

i 

^J3 

bo  Q,  bi  g  3 

§§§.,- 

43  Cm    to     03 

CO 

v. 

(0     CO 

CO 

'                           + 

x:  <D 

CD    CD    CD   +J  +^ 

+^  +J   +i   .p 

rH 

rH    rH 

§ 

/ 

0 

1 

m    CO   <p 

(D    CD       -.  bO^ 

Xi   ^  JD    CO    CO 

CO    (0    «    CO 

a) 

CO     <0 

/ 

T 

) 

■p    <o   0 

0     U    (D     f-.    >> 

>i   >i>i  CD    (D 

CD    0)    0    (D 

<M 

«M     «H 

1 

/ 

< 

> 

CO     CD  -H 

0  (1,  ffi 

rl  -H  !>>  0  0 

0     0    0  £  ^ 
CO  U3  CO  *  * 

essg 

3 

35! 

en  >*   lA 

\0  O  CO  ON  0 

rH  eg  en  "«t  lA 

\D  C^  CO  ON                    Q 

en  en  en  *n              -4 

rH   r\J 

t' 



fv  eg  eg 

cv  eg  OJ  CM  en 

<n  en  en  en  en 

>!■  ^ 

tJ      3    r^     ID 

-H  a  J3^  CO 

0   •   >  1)  s 

0     oJ    +>    rH    p 

r*  '::^  "  9 

0        gj  H  0 

^   >^  S    OJ    3 

<iH      <l>             rH 

P    ^    J3  tJ 

CJ              -H  ^ 

J*^_,  ^ 

0  ^   >>  0  0 

¥       •-*  b 

-P     >    rH    *>     t. 

P*  U          d 

O-tHtW-H     ft*3(D     (U 

a>  p   a>  E 

d  jtf  ji^j  ^'^-^^^ 

^            -H 

■H    0    -H 

0  Vi  xj  3 

fr.   d  -c     •  a> 

OJ  -H  -H  iTsNO 

>     (0   4^   *^ 

a           tu  d 

p 

.a  3  d  a 

•^    C^^    N 

01 '^^'■-^     •  ON 

'-^  P     ttJ  NO    -H 

ft)      d      a        •    rH 

J- J-      •  0 

0     0    rH    .H 

Xi  JZ    U         Xi 

^                   rH       ^ 

a  «  -p 

to  M    0    0 

t   u  a  Ti  *3 

r-i       •s  0) 

•"-^    0   -H            4) 

0)  H  0    OJ    0 

o.--^  d  j2 

P    OJ    0  p  "Vh 

d  rH    d   0  fl 

CD   H   -H            0 

S  .1" 

a>  ^  +3  j3 

•H      j3  fl 

T>       ^  0    0^ 

^    rH    +>    ^     0 

0  a  H^  -t 
•»H  (u  ja'-^vo 

a)   u   u 

T)  -n    C    >  ^ 

d  Oi       -p 

rH     :>      a     (U      0) 

*o  "  in^ 

d   <p   h  5  ;h 
3         4)    ::<    u 

ij  -a^^^  • 

^  -P       ^ 

j3  a^  TO 

P  "^      0: 

£^   a> 

t>  -H   >i.b 

OJ^           NO 

§^£fe 

"S  0  _  _-  -O 

0)  ^  0   K>   C 

c:  H  T)  tJ  p 

■P          H 

+3           rH       ^Jl 

00=     d 

+>  -d  (D  0 

c         3    0  -P 

^  .    ^  a  T* 

C    0)  -P 

0    rH    TJ     P,    (fl 

5^11^ 

a    V    C  t3 

d      0      0    rH 

•d  -^  "^  * 

P  -H    ft  CI.  B 

ca        0       ■-*^ 

a  •«  I.  t. 

d    U)              •*H 

■a  0  m  u  p 

^-H-^IO 

».   3   3  D 

rH     a>     0     09 

>  a  0  lA"^ 

0)     0     CO    p 

■rt    -ri           -~-^ 

Sfe,u   " 

d  CO  t^ 

bO       -^     •  OJ 

«H            rH     >, 

B    >t        4h  -P 

5  x:  0        d 

.,^5d 

oj^^^CTn    • 

a  a\      t-o 

u  i)  4i   a 
9  c  m  5 

K^           H 

e      ^§a 

V            -H    <rl 

•  a  0  0  0 

-=f            rH     fl    +J 

3  V.  -d  > 

rA         >  Ji) 

"^^Bi  •■§ 

(0            rH       • 
>    -P     (0    0) 

■rt       fl      ri 

-^     i<  0  «) 

+i  0)  J4  ^  0 
0   CJ   0  tr\ 

OJ    -rJ    tH^^^^ 

t:5S   s 

rH  aj  0  w 

•    B  J 

S  -P  r       -» 
d  k        0 

^    h          X  Vi 

.^s^-s 

0     «-^   Q) 

d               --^ 

H  -H    C  E  +J 

h   V        0 

3   ja           rH 

0   01  -H        a 
0  fl  a    •  'ci 

'^  ^            rH     0) 

r-t  tr\3-  0     • 

0)^-.""^H  cy 

^s-^g 

U    4-1    0    OJ 

flJ  CO  "H^V. 

fri                 -*tA    . 

0    00  TS    rH 

d     •  p        i) 

>  -i  OJ  d    •'VO 

T)  CO  lA  JS    OJ  OJ 

h  EC  (0  ss  a 

r^             00 

d          d    0) 

d  OJ  to  0  d 

■rt  OJ  0  0  w  d 

«       •            "^ 

j=  m  4> 

S    lA    0 

Qn—  %_,      ..    ^H 

0    OJ    -rH     « 

XI           00 

S  S           -rt 

>    •  a  3 

hCO  t^  -H 

3  fo  0        « 

0      •         -CJ  V 

•H  ^  m  IPs  NO 

-:»    +J    01     0 

fc,    rH     0 

3  H          (0 

er>   X     0)     3   V. 

fr.  H  IPs             VO 

0)    d      -^  4> 

P.    3      (1)    -H 

•           P          ^ 

fO-*      •      -^*^ 

p4  a  P   L- 

POO 

d                •  CD 

K   H     y    P    rH 

CD                  H             - 

d             U    rH 

»i   ..g  d 

u   d 

a    •    •         ■*if\ 

^S  &£^ 

^  rjco  j^  a^ 

0  J3 

U          t£ 

-♦JOT) 

•  TJ   a>     •  0 

^       ^     ^AJ   >     0) 

•    U  fi    V 

rH     0)      a     OJ    rH 

i.e 
a  fa 

car 
6A'e 

0  P   a>  a  0 
CJ    d        -H  *^ 

^^  rH     t,     J-     to 

3    0)    3    >v 

_•>    .       "H-^ 

+>    0   +>         J3 

>»     -^■^-'^ 

d  H  OJ  a  p<  p  "^^"-^  CM      CO 

•H  0  -d-  tPs        M3 

0   th          0) 

i>  a  V 

t*  p  £ 

tA  0)    0    CO  Eh 

•H-^^^          0 

CM    OJ  "tj     • 

^                      VO 

60  fl  H  vo    h  r-t    0  ' 

•ri 

a  0  -H  0 

•    d    d  rH'-^ 

P       •      •   OJ      •'CO 

-H    L.    d    tj 

^  -p  a 

tA           0          lA 

0   rH   CTn      •    d   OJ 

xS^Si^ 

«3   a  -4  r^  Jd 

•rt    4H    lA              0        -. 

♦^  a  t. 

•H  a  ^, 

■H           M 

^    U     0     OJ 

M    0   ^     C      • 

d    ->  d  ^  d 

0  d  -p  + 

^            OJ   OJ 

3  b  d  ii 

•flON           rH^OJO)^           > 
rHO           'C3mpj3JdO"--^CO 

CJ*+>    t, 

*--   01     Jh            OJ 

■P   0  ^  <7v 

•O           -H  -d   iTN-'v^ 

d     CO  t<    rH 

3    3    d    0 

0>    OJ    0    0 

0  ^         0 

C3  Qh    C    0»  -H 

a    rH      d      X 

■H        OJ  CJ   a 
0)    *       01  (35 

-P*  H  KMTsfA 

TJ    -rH    C    rH 

p    0>    0)  4-1 

<i-.   d"-^      0  t^ 

Jh   ^    £1     a-:t 

ngeet 
y  mul 
and  n 
.   J  + 

P<  d   d  -H  OJ 

h  0         '    ^ 

..  T^  -r^  p 

OJ      d    rH     0 

h  >  0  0    • 

3     d   A   rH  CO 

s^^^ll 

■HP            rH 

°    0   B-  fl-§  * 

d       r^ 

>>t3    fl    0 

•rt  +^  P  X 

■H            Jd   JS^^VO 

:356'' 

0    C  £    bi    OJ 

3            OJ  a 

0   flj  -ri  m 

0   -H   -H   lf\^^ 

d  »<  ii  ij^ 

d    -P    rH   CU 

3-^ 

M  ^  ^       c» 

Of  G      '-OS 

0       +>    * 

3 

^  w    *» 

P  ^  i  '^-^  J3  ^  ^v^  _•  -4- 

^^"-^  oa  + 

CJ  kj   0  0)  en 

rH   OJ     0 

d    1    K  f3  OJ 
t^  M   a  d^. 

3  i<  Jt  :r\   •-* 

0  +><.-^oS 

135 


bn 

ffl   -H    O 
a   rH    (-1 

o 

o 

rH    «£)    >£) 

n  ^3  O  CT» 

ON 

ir\(^  no  nO  tr» 

O  c^  CJN  rH  CO 

en  o  nD  >* 

> 

rH   0\   Oi  O 

O  00  rH  O  O 

~" 

(N    rH   CM  OJ 

CM 

Oj   rH  (M  CM  CM 

f-i   r-t    r-i    rA    r-t 

CM   CM    rH    rH 

o  rt 

Oj 

^  o 

-TJ             CO 

tlfl 

u 

©  >-^    (B 

®   JH     O 

O 

vD   [>  CO 

rH    v£)   Q   tn 
r>  rH  ->J  (M 

C^ 

r-  C:-  vo  o  00 

rH  to  (*>  en  O 

m  CM  -si-  o  t^ 

t>   G   \D    O 

J 

CM 

rH  o  to  c^  o 

CM  CM  CM  CM 

CM 

CM  rH  CM  CM  CM 

PJ   CM    rH    rH   CM 

CM  CM  CM  CM 

CQ 

nh    1    a 

(X) 

o 

P 

ir\ 

CO 

O 

(d     CD    4)           +3 

bO 

n  >j  c^ 

CM  (>  o  ry 

CM 

CM  r-  CJN  ^  CM 

in  tn  [>  CM  no 

l>  >J-  O  m 

o    &0^    p    lU 
H   tH   -H   a    ^ 

1— 1 

S^3 

C^  to  -4-  CM 

ir\  '>r  m  »r\ 

CM 

rH   tr\   m   rH   rH 

ir\  -si-  m  m  m 

r- 1>  >*  m  ON 
•^i-  >t  -^  >*  >!■ 

m  CM  ON  00 
«n  in  ^  Nj- 

1— 1  - — » 

v> 

ti 

(D 

^ 

2;  .s 

o 

H 

,— N 

[>  CO  r\ 

c^  rH       m 

c^ 

•>r  irv        nO  ON 

C7N  rH  c^  m  o 

rH  en  en  m 

^ 

+> 

? 

j:i^ 

S2 

U^    X    a) 
1   U    (h 

iH 

>A 

m  >j-  JO 

c-  >t      c- 

NO 

nO  C^         >»■  NO 

MD   •>!■  O  O   NO 

GO 

hh 

CM 

CM  (M          CM  CM 

CU   CM   CM  CM  CM 

m  en  CM  CM 

<  ^ 

«> 

O    a] 

(^ 

tyi 

CO    o 

4) 

M 

^? 

CD 

H 

^^ 

O^  [^  to 

vD  <^       >r 

vO 

v^Q       c^  "A 

t^  m  m  CM  m 

en  en  c-  (> 

32 

•^ 

r'^ 

[IH 

rH 

U^ 

\£>  ir»  \o 

>t  CM         ->!■ 

I^ 

O  CO            rH   CO 

CM  ->*  rH  CO  O^ 

t5 
(0 

bfl 

rH 

r-^    t-^            t-\    '-^ 

H    rH    CM   rH    rH 

t-i    r-i    r-t   t-^ 

(U) 

N,  ENERGY  VA 
F  PLANT  ORIGI 

a 
o 

1 

8 

00 

•-3 

r«j  CO  to 

CM  o       m 

c^ 

Oi    r^             CM    C^ 

vO  to  CO  CM  c^ 

to  m  m  CO 

rH    rH   O 

rH    r-»           r-\ 

rH 

rH   O           rH    O 

O   rH    O    rH   O 

r-t   rA    r-i   O 

1    c 

O    -r^ 

o 

H 

>!'  vO  O 
tr»  cy  »n 

rH  CO  CM    rH 

CO  <>  -sj-  r> 

rH 

in 

CO       r^  tn  o 

>r  O  rn  CM  CM 

trv  c^  r-  »a  r-i 

'O  -*  d  en  CM 

en  cn  NO  m 
m  rn  On  ^ 

8 

O 

1 

•H 

>■ 

1 

bi) 

•g 

8 

X 

OJ   C\J  CM 

00   C^  CO  ^ 

CM 

to  \D  CM  rn  '^ 

iH  ON  en  CO  >i 

en   rH   O    rH 

CD 

a 
ft) 

bO 

C--  CO  CO 

t>  to  CT>  vD 

NO 

irt    rH   m    rH  t^ 
rH 

m  vD  vO  NO  c^ 

>t  t^  c^  to 

i 

a  -fj 

o    ffl 

5^ 

0) 

f^      1      o 

IJh      X      GO 

1    M    F^ 

8 

rH 

o 

rH  o  >n 

c^  o  o^  rH 

>t 

CM  O  £>  NO  <> 

t^  CM  O  NO  ON 

t>    rH  to   ON 

gg?; 

ON  C~  >*  Q 
d  r^  n  -^ 

CM 

rH    >t    vO    ^   ■^f 

-sf  in  ^  m  >t 

C\i  CM    rH   00    >t 

>t  >J-  ^  m  -J 

C^  CO  m  CM 
>!■  >J  en  >J- 

O  0 

Z          -P 

tlO 

CAL  COMPOSITI 
:    FEEDSTUFFS 

o 

Id    <D 

o 

&^ 

oj  ir»  ^r 

O  ^   t^  CM 

to 

en   rH   00   en  ON 

m  rH  rH  c^  -^ 

to  o  >n  cn 

iTi  to  CO 

[>  c--  o  t> 

CO 

o  f\i  rH  cn  CO 

d 
a 

■s 

H 

^ 

CM 

m  en  CM  CM  CM 

CM  CM  rn  m  en 

CM  CM  CM  CM 

0 
O  fc, 

1 

Ek] 

rn   >r   rH 
OJ  ^  f>J 

rH  CM  CM  v£> 
CM  CM  tn  CM 

CM 

CM   >r   rH    NO  00 
CM   CD  CNJ   CM    rH 

00  c^  CM  NO  en 

rH  CNJ  CM  CM   CM 

>t  >*■  tn  NO 
tn  CM  tn  rH 

®        CM 

■a    1    c 

3    O  -H 
(i   ^   n 
O  (1.  +3 

8 

rH 

s 

tn  [^  o\ 

r-t  CM  -^  to 

NO 

\o  en  CO  NO  c^ 

o  CM  rH  c^  [> 

m  CM  ■^^  CO 

o  iTi  a* 

CM  ^  0^  H 
t-\    T-\    t-*   r^ 

<3N 

CO  CM  nO  CO  ^0 

en  CO  -4-  vo  m 

CO   NO  >t  CO 
rH 

o 

o 

n  CO   rH 

ON  lA  O  H 

C^ 

rH  >J-NO   >J  c^ 

rH   rH    t>   CM    C- 

!>  to  o  en 

■>t   \0  00 
CO  00  CO 

CO  ON  CO  CO 
CO  00  CO  00 

ON 

CO 

CO  O  OJ  CD  ON 

CO  ON  CD  CR  to 

ON  CO  c^  m  o 
to  00  CO  CO  c^ 

O  CO  CO  ON 
CJN  to  CO  TO 

M 

o 

OQ 

r-  c\j  o 

rH    m  O   ON 

n 

ON    NO   ->*    NO    rH 

<^  c^  en  CM  <n 

m  CM  o  c^ 

\c\  tr\  j-\ 

rH   O  CM    rH 

o 

rH   CTn    C^   0»    O 

O   rH    O   >r    ON 

V. 

r-\            t-\            t-A 

f-l   r-t    i-i    rA 

f-i   r-i   f-t 

TE  CH 
UTRIE 

8 

u 

CO 

♦3 

^ 

/ 

? 

o 

^ 

<  2 

■P 

a 

§ 

/ 

•H 

1           <D 

8           § 
3           "^ 

f-j 

1 

>> 

O        -P 

^ 

>< 

t 

o 

/ 

5 

5           8 

o 

/ 

i? 

tn 

>>      c 

bO 

'J 

o 

/ 

"^ 

3 

©    O    O          bo 

>i  in  d 

CO           -H 

s  § 

iJ  13  Tt 

rH 

SmS    4^ 

(0  -H   "O   "O    (D 
H    h    d    (0    X 
a)   o  »^   t(  -H 

a 

■p   c  -a       x) 
Q  3  0)       a> 
a  o  e       X 

S             >>  m 

o 

• 

1 

/ 

&ii 

^  o  >> 

•o     - 

.C                  (D     >k 

>fa  >»  to 

-    CO 

•o      *«>>•* 

-    -£5 

N  ^  a)  a 

(D  >>  ^  •a  o 
-a  00  H-»  H  -H 

(D  ^    m   d    F^ 

(0    O    <0     CO 

S 

1 

^ 

CO   at   cd 

03   a)    cd   cd    C 

j3  j3  ^  J3  a 

u 

q  m  -o  a)  >> 

^tS  ^  td 

1 

g 

t.  t.  f<  t,  h 

> 

O    O         J3 

^    i^y    ^    iXi    1^ 

o 

^'S^S 

« 

/ 

o 

sgg 

o  o  o  o  o 

rH 

>   c   C  p.  n 
o  ^4  ;h  fT  0} 

3 

/ 

% 

0) 

n  CQ  OQ 

r^    t-k   r-K   r-K    r^ 

o  o  o  o  o 

i-H  o  o  o  t, 

C3  O  O  O  O 

^Sg.6£ 

ID  o   o  :^ 
Pi  (0  ^  to 

f*i  >1  irv 

^  ■>*  ^ 

nQ  C^  to  C7»  O 

■nJ    -Nt    ^    >f    lA 

rH  CM  m  Nt  m 

NO  C^  CO  On  Q 

m  m  m  >n  NJD 

i- -. 

m  m  m  »n  m 

nO  >0  nO  nO 

-    I      •  •     •  "d    I      • 

tJ   3H  OrH   3  si'-^ 

UrHOOOS-PrH 

•H    rH      tJ  O     tJ              tJ    rH 

V.     tJ  ^-^   >^  g    4) 

^    O    X  ^          +J         ^ 

4>              rH  U    +J      [»■    r-f  4J 

P4  Ih  q    d  -h  Vi  :H 

*o  


I 


%4  '0   3  *^  o  M 

m  +J  ^    d     ->  • 

„   OJ   oJ  o       -p  d  M 

a>  tJ  rH      ---.  aj  ttj '— ' 

xi  5  ^  a  V  V  B\£) 

4^  H  tj  o  H  j3  3     • 

O     O   rH  ^   >3  t   K^ 

□      Oj    -P     -rl     (^ 

ID  t-j  cj  o    I    o  d  a 

0}                   oJ  ^-  Vt  ^   •*-! 

^^  >^  (^  t5  _  ^ 

+j,-*  H  4J   i>  a>  fl  fe 

p,--^  d  ^  +>  H  op 

lU          O   ;3    CO  ^  .rH  Eh 

o          g   to    a>    4  -P 

X      •    I         tOH  0)  ^ 

ftJrHOa)-^)^-!^*^ 

d    U    b,   TJ     <o  d   T^ 

o  -H        o        >•  S  !* 

-    '      m  <Ih  rH    ij  H 

0}    (U    q  ho 

^    p    o  0)    q 

u    «j     *>       tJ    «>  "in    3 

g  a>   >   H  >>  h 
'd^HQ'H'H   O^    O 

l^'btH^,'drH_«H 

q  p  ^^  o  d  «  tJ 

+^            r-j    -H    O  41    -d 


3   m  O   V   u, 

^    a  ^  0*  tH   q   o 

i<i        q  ti  10  q  -p 

w  V  o  >>  cc  CJ 

>>^   r~t  5  P«    d    4h 

I     r-f  ^    H  -^ 


0)    +3 
d      (D 


. .  a>  4^  H  K  a  ^ 
B)  <iH  to  u     ■        o  +J 

fl)  -r)    ^^  ^^rH     O 

q        r-j     .  M 

.    O  +J     .  »-J         «  o 

q  o  T'        •  d    • 

J^  Eh  -s— ^  «>^ 

tic       "«  ^^ 

X  (0  V    to    X 

u   41  ^-^  a»     •  t3   3 

■P  +^      ■    d  O  Sh  H 

d  W^-^  CJ    4)  CO  ii    O 


d  H         *» 
o   d     -s  o 

Pi   3    4)   iH 


d  4> 

K>   X    «    to 
P.    CD    P     t<  p     O     (4 

q^sqoxHoo 
to        t]  H  p 

'd  ti^ui-a  d  wo 
o  if  _       _  >^  f^ 
•s  p  o  tJ    •  tJ  4J 

>    O  ^    i)   rH    4J    d      • 
IUqiU4)0-t->4>V 

'     d  ^  o  d        d 


o- 


NO 


^    4) 
■^p   o  -P 


il! 


?55 


S^°  - 

o        ^.  ^ 

4>    d    OJ           ••>  M 

Va4)'d  'irNUOP 

CO   d  H  NO  h   rH     CO 

d  o  tH  o    •  d  d  o 

tH  f^   d  o  ir»  o  rH 


,    M    O  /3 

u  •    a)    II 

OJ    Id    rH 


p    •  o  tj  B  q 

Q    X    rH^    ft     1^     d 

r  4>   o         a>   4> 


"5 


vi  a 

V 


Pi   ^  +J    «>    OJ    V 

tJ  +J     I  El  >3  ^ 

viHB  +  Piiildd 

S  B  ■g  1-5  ••  ^  -< 

'—  O  ^  H 

r-j    < 


^  CM  o       3    I    K  3 

^r-^  M  (ii,  M  W  r 


136 


©c- 

W) 

r-l     W 

o 

1    XI    o 

o 

CO      CO    "H 

M 

O 

vD  m  o  OJ 

o 

O  <r»  CM  O  <M 

o^  o 

vO 

CM    r-l 

CO 

-P     N     Jh 

"\ 

O 

C^ 

Ov   iH  CO   vD 

CO 

CO  CO  vD   vO  ^- 

c^  m 

t>- 

O  \D 

vD 

.-t 

r-i 

r-*    r\J    rH    fH 

S    rH     rH 

OJ 

o   td 

o 

x>  o 

\D 

Tz)        m 

t*0 

w 

o 

,_^ 

<M 

IT,  vD   sD   O 

o 

co  ^  c~-  in  m 

^  ^ 

cn 

t>    NT 

vD 

^ 

W    r- 1     f-t 
(D    ^     O 
bD-H   .-» 

•r^    1    ca 

0) 
O 

2 

O  C^  O   ^ 
(M  ry  rH  rH 

o 

CO  (^  sD  ^o  r- 

to  m 

CO 

r-  ^o 

t> 

1— 1 

ir\ 

to 

H  -P              ~m 

tlO 

DICE; 
ed) 

(d    0)    (u        -p 
-P    0)  iH     1     C 

O 

o 

s 

r- 

C3^  CO  C^   vD 

rH 

O   en  ^   (^    rH 

i>  »n 

r-l 

O  <M 

rH 

O    to  ^    0    <u 
H   -H   nH   S   M 

=     Q              yi 

rH 

^^ 

cr 

CO  f^  ^£^  O 

d 

O   rH    irt  -sj  CO 

C>  OJ 

(^ 

CO  in 

C^ 

H 
CO 

bO 

>t 

-^t  in  sr  ^ 

CM 

OJ   (M    rH   rH    rH 

rH  rH 

r-l 

rH   rH 

rH 

tiO 

^  71 

•H 

o 

CD 

CD          -P 

o 
o 

^ 

m 

vo  en  o  C^ 

en 

00  CD    v£)   vO    rH 

<>  to 

t^ 

CM  -sT 

c- 

^H 

XiNt 

Fh     I    o 

r-t 

^ 

■P 

&3 

b-    X  to 
1   Fij  ^ 

-^ 

CO 
CN 

\I>   »n   rH   (T* 

eg  f\j  cn  r-t 

CO 

CO  to  O  CO   rH 
rH 

O   ^ 

rH 

to 

C7\  <J\ 

vD 

<    ^ 

s 

o   a) 

z;       -p 

"So 

CO    o 

V 

(U 

5^ 

<D 

o 
o 

^^ 

>r 

C^  ^   t^   CM 

>!■ 

CO  ->!■<>  <M  >t 

ir\  (^ 

o 

o^  O^ 

C- 

w^ 

S 

,o 

O 

XI 
-H 

r-t 

■v. 

tri 

CO 

\D  O  O  CT^ 

»r\ 

tf\  vD  rn  en  >t 

^  CM 

vD 

tr»  en 

en 

p< 

pc. 

bD 

r-i    t-^    r-l    t-i 

3s 

CO 

Ul 

-p 

O 

~ 

„ 

Si) 

a] 

O 

•-:> 

m 

f-i  a^  o  ^ 

OD 

C^  O^   >A  CM   m 

o  ^ 

t> 

\0  >r\ 

vO 

O 

Q 

M 

d 

A  Cf  o  o 

d 

d  d  d  d  d 

rH   d 

d 

d  d 

d 

■P 

bo 

S2 

1-t 

01 

i5 

O 
O 

n 

o 

(T*  ->!■(*>  rn 

t> 

O  rH  C*-  vO  <M 

o  o^ 

c^ 

^0  CO 

(^ 

1 

£2 

< 

-' 

OJ  >i  r^  d 

>r 

en  -^l-  CM  CM  rH 

OJ    rH 

CM 

r^  d 

>T 

gS 

ho 

x: 

^ 

_^ 

CO 

a*  CO  -J-  n 

rH 

CO  CM  >r  "^  vO 

-sT  tn 

CO 

o  ^ 

(^ 

0. 

a 

1 

■H 

>• 

CO 

< 

o 

X 

d 

rH 

>t   O  v£)  CO 

m 

CM  en  CM  OJ   ^ 

CM  CM 

en 

CM  --^ 

OJ 

1 

o 
X)>f 

<D 

(5         +J 

s 

f^ 

O  l>  o  o 

>r 

eO  C-    CM  CO    r-t 

CM  en 

CM 

CM  ^ 

C^ 

Z  fa 

t 

P 

f^     1    CJ 
1    M   ^ 

O 

O 

0^ 

m    -nJ-    (3    rH 

>3-  rn  tf>  ^ 

(D 

CM 
rH 

en  en  rH  O  vO 
rH  r-l   rH  rH   rH 

rH 

rH 

r-l   t-l 

o 

o  o 

■a 

0) 

O    (0 
cd    >* 

■p  x: 

2         -P 

bO 

bfl 

cd 

•H 

CD     Fh 

^ 

~ 

r- 

OJ  CM   rH  O^ 

rH 

O  C^  CM  O^  C^ 

en  v£) 

to 

o^  t^ 

rH 

OMPOSIT 
DSTUFFS 

(U 

3 

15 

o 

(X. 

^ 

d   OJ   ^0   xO 

to 

d 

rH  .H  00  en  vO 

C^  >n 

to 

CO  \0 

0^ 

■a 

■3 

-P 

Q 

5e: 

M 

r\J 

en   CM  OJ    en 

rH 

rH    rH 

0) 
T3n 

§ 

~ 

O 

P4 

E-« 

:3  -p 

o 

W 

^ 

>t  CO  CO  ir\ 

cn 

rH  >j  (^  \o  to 

CM  D- 

en 

0\  to 

o 

O    (K. 

•^ 

f-i 

(M    rH    rH    rH 

rH 

rH    rH    d   d   d 

rH   d 

r-l 

d  d 

rH 

tlO 

i 

(D        OJ 

-O    1    c 

3      O    -H 

8 

Q 

CO 

iTi  C-  rH  0^ 

vD 

r~  O  rH  to  CM 

CM  en 

OJ 

O   ^0 

en 

U  H 

m 

fi    F^    0) 
O   CU   +^ 

r-l 

rH 

'O  CO  vo  m 

rH 

vO 

«r\  \0  •«*  en  CM 

en  en 

m 

en   rH 

vO 

0} 

bD 

O 

O 

CM 

O  (M  ->!■  ir\ 

in 

en  o  to  %£)  >* 

en  'sj 

en 

O  t*% 

O 

u  .. 

■P 

J 

r-* 

OJ 

0^  tf^  d  04 

en 

>J-   \0   vO   rH    C^ 

to  rM 

en 

o^  m 

0^ 

0} 

^ 

C7^ 

CO  CO  O  Ov 

en 

en  en  CM  rn  CM 

fS*Oi 

en 

OJ  CM 

CM 

(D 
-P 

o 

OQ 

CO 

O  <»  ^O  >A 

IT* 

C^  O  CM  >I  vO 

C^  \D 

t> 

o  c^ 

O 

w  z 

4h 

t^ 

rH  -<r  c^  r- 

^ 

»r»  ->f  cn  to  CM 

rH  to 

^ 

rH   >t 

*-l 

O 

a) 

^ 

rH    rH 

vO 

\o  \o  c^  vo  r^ 

t^  r- 

^0 

C^  O 

t> 

fa, 

* 

no 

0 

7 

to 

CO 

H  H 

o 

+• 
t 
a 

/ 

^ 

bO 

bO 

H  t3 

o 

r-i 

+ 

rH 

rH     (D 

<  Z 

u 

+■ 

<D 

c 

S 
R 

ft 

(0 

a 
c 
c 

)                         / 

(D 
+> 
rH 

<d 

e 

o 

O    CO 

•*H 

+:>    to 

a.  CO 

O 

Jh 

©     S             © 

rH 

o 

O   cd 

o 

-3 

-p              H 

rH    -P             :3 

rH 
(D 

o. 

t.   rH 

a.  o 

« 

■HO            -P 

» 

E 

u 

< 

»     C             CO 

<D 

rH 

&. 

^H 

"-^ 

G 

g 

6>.    .        ^ 

CO 

r 

•3^ 

o 

o 

O    rH     CO           rH 

C 

e   rH 

>> 

O   -P    CD    H  <-^ 

rH    X^     in     CO     CD 

Cd 

1-^ 

to    +3 

Cd 

r-t 

<D 

x:  -p 

• 

x; 

X) 

XI    bO  CO    bp  s 

•H  (d  3^ 

XI 

•V  be  (D 

vO 

o 

CD 

>t 

o 

(D   «fH    ID 

f~i 

F^ 

>1          s 

U 

C    rH    rH     m        -K 

o 

tU) 

bOrH     S 

u 

t^ 

to 

? 

CB      -v          Cd 
X;    >1  >1   fn 

Q. 

•H     (0    O           -P 
6     -  C 

(0    CO 

CO 
rH 

CO     CO    CO 
r-l 

(D 
> 

Qi 

o 

OJ    Cd   -P 

^      -.     1       Q,    (D 

-H    T3 

^  -o    * 

O 

'S 

3 

I-l 

>^^  x;  OJ 

Cd 

cO   cd    cd   O  t5 

C    (D 

CO    CD 

CO  (D  e 

t-l 

o 

x: 

Cm 

tM   Cm   tw   +J 

cd  X>   CO 

-P 

■P     3 

o 

p 

■p 

+j  xi  -p  -p 

r-t 

^    ^    rH               -* 

>i  a> 

CO    r-* 

CO  rH  ji; 

■p 

s 

/ 

CO 

CD 

O    u    aJ    eO 

as 

CO    cd    OJ  +J    C 

cop. 

f^    CO    s 

to    -H 

CQ    -H     bO 

(D 

a; 

/ 

O 

<D 

a  -p  <D  (D 

V. 

<:.-<   V,  Cm    CD    h 

<0     ? 

CO     »     F^ 

CD 

> 

/ 

<D 

2 

« 

•H  CD  (C  x: 

H  t>  ^  5 

rH 

3  3  3  m  o 

o        o 

Fh 
O 

F^           O 
O          (0 

CO 

m 

vO  t>  CO  0^                      O 

rH  CM  en  ■>!  >rv 

vO       ^- 

CO 

c^       o 

rH 

f 



^0 

vO  so  \£>  vO                 r^ 

[>  I>-  !>  t>  t> 

c-       r- 

c- 

r-       CO 

to 

■O     :3    rH 
a»    rH     o 

7H  ^  t; 


CO     O      (D    +J    rH 
00  (U    rH 

rH^--    >>    B     O 

4i  XJ 

i>»  (0  ^  >,  CJ 

>^  +J  >■  rH    -P 

cd  C  -rt  <Vh    M 

C  V  -P  V    S 

tH  iH  0  -H 

h  Fh   05  x:    • 

3  +j       o  w 

3      ^ 


x:   :3 

■P    rH 


cO 

■P-* 


a  w 

0) 


c  a>  V 

O  fH  ^    ^ 

-H  X3             U   lA 

+J  -H  F^ 

CJ  I  O    a    CO 

aJ  ^--^  *H  tH 

Fh  -cj 

H^  a;  (u  E3  K 

X>  -P  H    O  Q 

3  EO  X>  "ri  Eh 

CD  0)  td  -p 


'^8 


I   (^  ts  m 
It)        T(  E 
i    g>     •    0)  Q 

i  if  n  (u  e-i 

I    o  ^  Vi 


I    •  ir\  a>  o  +j 

1    rH  VO  H  H  CO 

10    •  a  o  o 

1     O    ir%  O  rH 


•  m   »   V 


<  <M  o 


137 


77.     MINERAL  AND  VITAMIN  COMPOSITION:    FEEDSTUFFS 

OF  PLANT  ORIGIN 

Values  are  milligrams  or  grams  per  100  grams 

of  feedstuff 

as  fed 

^"^--.^^^ 

Minerals 

Vitamins 

^"'~~-...,,^                       Constituents 

Wtamin 

Panto- 

^""~-~^^,^^ 

Cal- 

Copper 

Iron 

Manga- 

Phos- 

A as 

Niacin 

thenic 

Ribo- 

Thia- 

^■^"^-v^^ 

cium 

nese 

phorus  |P-caroJ 

Acid 

riavine 

mine 

Feedstuff                        ^""^^^ 

tenel 

g/lOOg  iig/100g:©400g^/100gjg/100g  mg/lOCgfngAafe^  n^/lOO^/lOOg  i«/100g 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

1 

Concentrates                                                                                                     | 

Alfalfa  meal, dehydrated, 17^  protein 

1.70 

0.68 

55 

3.30 

0.22 

7.92 

1.91 

2.71 

1.61 

0.33 

2 

Alfalfa  meal, dehydrated, 20^  protein 

1.66 

1.56 

59 

6.29 

0.31 

13.2 

3.81 

4.07 

1.63 

0.68 

3 

Alfalfa  meal, sun-cured, 17^  protein 

5.28 

1.94 

A 

Barley, excluding  Pacific  coast 

0.09 

1.12 

4.9 

1.83 

0.47 

5.31 

0.81 

0.18 

0.37 

5 

Barley, Pacific  coast 

0.06 

1.12 

6.8 

1.72 

0.41 

4.41 

0.73 

0.13 

0.40 

6 

Beet  pulp, molasses, dried 

0.62 

1.3 

28 

3.9 

0.09 

1.9 

1.2 

0.1 

0.02 

7 

Brewers'   dried  yeast 

0.11 

3.32 

13.8 

0.53 

1.52 

47 

10.81 

3.08 

9.47 

8 

Brewers'   grains, dried, 25^6  protein 

0.25 

2.4 

2.8 

4.3 

0.49 

4.1 

1.2 

0.1 

0.04 

9 

Citrus  pulp, dried 

2.06 

0.86 

15.0 

0.44 

0.15 

0.02 

2.11 

1.32 

0.22 

0.13 

LO 

Com  &  cob  meal  (com  ears  ground) 

0.22 

LI 

Com, dent, yellow 

0.02 

0.20 

2.0 

0.51 

0.27 

0.29 

2.16 

0.57 

0.11 

0.37 

L2 

Com  gluten  feed, 25^  protein 

0.41 

4.58 

42 

2.25 

0.82 

1.3 

6.65 

1.72 

0.18 

0.007 

L3 

Com  gluten  meal,!*!^  protein 

0.20 

2.88 

47 

0.97 

0.41 

2.2 

5.46 

0.84 

0.15 

0.02 

K 

Cottonseed  hulls 

0.14 

0.07 

0.37 

L5 

Cottonseed  meal, 41^  protein 

0.18 

1.69 

7.6 

2.84 

1.14 

2.86 

0.97 

0.55 

0.39 

L6 

Distillers'  dried  com  grains 

0.11 

4.49 

24.0 

3.28 

0.52 

4.65 

1.17 

0.35 

0.24 

L7 

Distillers'  dried  com  grains. 

with  solubles 

0.16 

4.01 

0.74 

7.99 

1.14 

0.75 

0.46 

L8 

Distillers'  dried  solubles 

0.35 

7.99 

50 

10.00 

1.40 

0.2 

11.96 

1.96 

1.15 

0.59 

L9 

Hominy  feed, white, 5^  fat 

0.05 

2.18 

3.9 

1.81 

1.03 

5.52 

0.68 

0.22 

1.30 

10 

Linseed  oil  meal, 33^  protein 

old  process 

0.4^ 

2.59 

24.0 

4.21 

0.94 

4.16 

1.65 

0.42 

0.86 

>1 

Molasses, cane 

0.74 

0.08 

4.60 

3.94 

0.24 

0.09 

22 

Oats, excluding  Pacific  coast 

0.09 

0.53 

8.0 

4.23 

0.43 

1.81 

1.50 

0.09 

0.64 

23 

Oats .Pacific   coast 

24 

Peas, field, seed 

0.17 

0.51 

3.79 

1.01 

0.18 

3.97 

25 

Rice  bran 

0.08 

15.61 

1.36 

28 

2.27 

0.31 

2.27 

26 

Rice  grain, brown 

0.26 

1.0 

2.03 

0.25 

3.77 

0.07 

0.24 

27 

Rice  polish 

0.04 

1.10 

73 

1.21 

0.20 

1.94 

28 

Rye  grain 

0.01 

0.75 

8.0 

8.14 

0.33 

1.56 

0.93 

0.15 

0.44 

29 

Sorghum, mi lo 

0.04 

1.72 

5.3 

1.30 

0.27 

2.88 

1.10 

0.09 

0.40 

3C 

Soybean  grain 

0.27 

1.69 

10.0 

2.62 

0.62 

2.20 

1.56 

0.26 

1.10 

31 

Soybean  oil  meal,  41)5  protein 

0.26 

2.44 

17.0 

2.71 

0.59 

0.55 

32 

Soybean  oil  meal,445C  protein 

0.30 

1.70 

15.0 

3.08 

0.66 

3.67 

1.34 

0.44 

0.18 

33 

Soybean  oil  meal, solvent  extract 

0.29 

1.50 

10.0 

3.04 

0.63 

3.77 

1.37 

0.31 

0.31 

34 

Wheat, hard, red  winter 

0.05 

0.44 

5.3 

3.96 

0.41 

5.31 

1.39 

0.11 

0.51 

35 

Wheat, soft, Pacific  coast 

0.97 

6.9 

6.10 

0.29 

5.90 

1.15 

0.11 

0.48 

3€ 

Wheat  bran 

0.14 

1.08 

16.2 

12.33 

1.30 

13.99 

2.99 

0.31 

0.86 

37 

Wheat  flour  middlings 

0.07 

0.46 

2.2 

8.59 

0.65 

9.74 

0.99 

0.18 

1.32 

38 

Wheat  screenings 

39 

Wheat  standard  middlings 

0.14 

2.16 

9.0 

11.80 

0.78 

9.75 

2.05 

0.18 

1.28 

Dry  Roughages 

Alfalfa  hay 

1.47 

0.81 

25 

4.51 

0.24 

2.51 

3.83 

1.78 

1.36 

0.29 

41 

Alfalfa  hay, dehydrated 

1.38 

0.25 

9.55 

1.47 

3.83 

1.47 

0.44 

;2 

Alfalfa  leaf  meal, good 

1.69 

6.07 

0.25 

6.60 

1.58 

2.77 

1.58 

0.44 

;3 

Bluegrass  hay, Kentucky 

0.46 

0.90 

25 

7.65 

0.32 

0.99 

w 

Brome  hay, smooth 

^5 

Bromegraas  hay 

0.20 

3.30 

0.28 

3.74 

/l/  0.0006  mg  p-carotene  =  1  I. U. vitamin  A./2/Value8  of  25  and  above  are  rounded  to  the  nearest  whole  number. 
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77,     MINERAL  AND  VITAMIN  COMPOSITION:    FEEDSTUFFS 

OF  PLANT  ORIGIN  (Concluded) 

Values  are  mllllgrama  or  grams  per  100  grams  of  f eedstulT  as  fed . 

^^^•^^                                                           ^rtTko  +  ^ +110T1  +  0 

Minerals 

Vitamins 

^^■o.,,^                                                                   lyUUo  0  X  b  UCXl  \iO 

1 

.      . 

^^"^-^^^^ 

Cal- 
cium 

Copper 

Iron 

Manga-|Phos- 
nese  jphorus 

A  as 
0-caro< 
ten© 

t-anto- 
Niacin  thenic 
Acid 

Ribo- 
riavine 

Thia- 
mine 

Feedstuff                             ^^^^^ 

g/lOOg  3ig/lOOg^40Dg:  ag/lOO^  g/lDCg 

mg/lOOf  igtog'  mg/lOOj  mg/lOOgjmg/lOOg 

(A) 

(B) 

(c) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

« 

Dry  Roughages   (Concluded)                                                                                        | 

Clover  hay,alstke 

1.15 

0.53 

40 

10.38 

0.23 

10.4 

;7 

Clover  hay, crimson 

1.23 

21.98 

0.24 

;a 

Clover  hay,   T,afllno 

1.32 

99 

15.97 

0.29 

i9 

Clover  hay, red 

1.35 

0.88 

27 

10.65 

0.19 

1.89 

3.72 

0.99 

1.56 

0.19 

50 

Clover  &  mixed  grass  hay,  high  In 

clover 

0.90 

0.70 

22.0 

9.26 

0.19 

0.70 

51 

Clover  &  Timothy  hay,    30-50^  clover     0.68 

0.62 

19.0 

8.58 

0.20 

52 

Com  cobs,    ground 

0.02 

53 

Com  fodder,  medium  in  water 

0.21 

0.14 

0.39 

5A 

Cowpea  hay 

1.37 

82 

0.29 

55 

Grass  hay, mixed 

0.48 

56 

0.21 

56 

Lespedeza  hay, annual, In  hloom 

1.02 

25 

13.47 

0.18 

57 

Oat  hay 

0.21 

49 

8.05 

0.19 

58 

Oat  straw 

0.19 

0.99 

18.0 

2.97 

0.10 

59 

Orchardgrass  hay 

0.19 

0.17 

50 

Prairie  hay,we8tem,go(xl  quality 

0.36 

0.18 

2.05 

51 

Red  top, hay 

0.38 

0.35 

11.0 

2.06 

0.23 

52 

Sorghum  fodder, sweet, dry 

0.34 

11.59 

0.12 

0.24 

53 

Soybean  hay, good 

1.35 

0.25 

2.99 

5A 

Sudan  grass  hay 

0.36 

13.0 

8.16 

0.26 

8.2 

55 

Sweetclover  hay 

1.25 

0.90 

L2.0 

10.69 

0.23 

56 

Timothy  hay 

0.23 

0.20 

1.17 

3.41 

0.90 

0.13 

57 

Vetch  hay, common 

1.13 

0.88 

28 

4.7 

0.32 

58 

Wheat  hay 

O.U 

0.18 

55 
?0 

Wheat  straw 

0.21 

0.29 

16.0 

5.08 

0.07 

Silages 

Alfalfa, preb loom 

71 

Alfalfa, in  bloom 

?2 

Alfalfa, slightly  wilted 

0.51 

0.33 

11.0 

1.87 

0.12 

3.28 

73 

Alfalfa-mo lasses, not  wilted 

0.41 

0.08 

3.19 

74 

Beet  top, sugar 

0.31 

0.07 

1.12 

75 

Com,dent,well  matured 

0.10 

0.13 

3.0 

1.94 

0.06 

1.41 

1.25 

76 

Com  &  soybeans, well  matured,   30)6 
soybeans 

0.2Q 

0.08 

77 

Cowpea 

0.4P 

29 

0.10 

78 

Grass  silage,   large  proportion 
legumes, wilted 

5.35 

79 

Grass  silage, small  proportion 
legumes,   wilted  slightly, 
molasses  added 

0.07 

!0 

Sorghum, sweet 

0.08 

3.3 

0.04 

0.59 

!l 

Sweetclover 

/l/  0.0006  mg  p-carotene=l  I.U.  vitamin  A.  /2/  Values  of  25  and  above  are  rounded  to  the  nearest  whole  number. 
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78.  STABILITY  AND  LABILITY  OF  NUTRIENTS 

Nutrients  are  especially  sensitive  to  the  reaction  (pH)  of  the  solvent,  and  to  exposure  to  air, 

light  and  heat.  Unless  otherwise  stated. 

reference  is  made  to  the  properties  of  the 

nutrient 

in  aqueous  solution.  Where  no  footnote  is 

given,  the  stability  of  the  nutrient  is  estimated  on   1 

the  basis  of  its  chemical  composition,  or  other  well  Jmown  properties. 

S  =  Stable,  i.e.,  nutrient  exhibits  no  a 

ppreciable  breakdown  under  conditions  specified  in     1 

footnote.   L  =  Labile,  i.e.,  nutrient  exhibits  appreciable  decomposition  under  conditions     | 

specified  in  footnote. 

Hutrient 

Hydrogen  Ion  Concentration 

Oxygen, 
Atmosphe- 
ric 

Light 

Heat 

Loss  in 
Ordineiry 
Cookingl 

Neutral 

Acid 

Alkaline 

pH  7 

<pH  7 

>pH  7 

i 

(A) 

(b) 

(C) 

(d) 

(E) 

(F) 

(G) 

(H) 

Vitamins 

1 

A 

sf 

Lf 

l5 

sf 

10-50 

2 

Ascorbic  acid 

L*^ 

s'^ 

L^ 

$ 

') 

l'* 

20-80 

3 

Biotin 

5 

s5 

s5 

0-72 

1* 

Choline 

S 

s 

L 

s 

s 

5 

Cobalamln" 

s9 

s9 

s9 

L 

L 

s9 

£ 

E 

sii 

l12 

l12,13 

l15 

L  , 

Appreciable 

7 

s 

s^!t 

s  „ 

lI"^ 

l15 

s^^ 

50i^ 

£ 

Folic  acid  group  ' 

L 

l18 

si8,i9 

L^9 

l20 

gl8 

0-97 

c 

Inositol 

S 

S21 

%o 

s 

s 

0-95 

IC 

K 

s 

s 

l22 

s 

L 

s 

li 

Niacin^5 

s^'^ 

s^'^ 

S^"^ 

s 

S 

s^** 

0-72 

12 

Pantothenic  acid 

s25 

'^p? 

^1 

s 

S 

L 

0-kk 

15 

Para-aminobenzoic  acid  3"^° 

s^^ 

L 

S 

s 

11* 

Pyridoxine  group29 

s30 

s3p 

s50 

s3i 

l52  , 

S30 

15 

Riboflavine 

s55 

s?'^ 

l55 

S3'* 

l35,56 

s33,35 

0-48 

/l/  Nutrient  lost  expressed  as  percentage  of  quantity  of  nutrient  present  before  cooking.  /2/  Stable 
in  an  inert  atmosphere;  loses  biological  activity  if  heated  in  presence  of  oxygen  for  5.5  hours,  /j/ 
Destroyed  by  ultraviolet  light  (UV).  /h/  Decon^joses  in  light;  decomposition  accelerated  by  oxygen, 
metal  ions.  /5/  50^  loss  if  heated  in  20^  HCl  to  120°  C  for  6  hours;  kO-SOf,  loss  if  heated  in  1  N  KOH 
to  120°  C  for  17  hours.  /6/  Stable  to  air,  O2,  and  UV.  /7/  Stable  when  autoclaved  in  3  N  HCl  for  2 
hours.  /8/  A  generic  term  including  cyanocobalamin  (vitamin  Bip)  and  its  hydrogenat ion  product, 
(known  variously  as  Bi2a  °r  Bl2b)  which  has  approximately  the  same  biological  activity.  /9/  Stable 
for  2  hours  at  room  ten^ierature  in  0.1  N  acid  or  alkali  Eind  in  boiling  water  at  pH  7  for  2  hours. 
/lO/  Calciferol,  /ll/  Stable  in  dry  propylene  glycol  more  than  three  years  when  stored  in  amber  bot- 
tles. /12/  Some  loss  in  alkaline  feeds,  e.g.,  lime.  /15/  Activity  lost  in  mixed  feeds,  also  under 
prolonged  irradiation  in  presence  of  oxygen.  /l4/  In  absence  of  oxygen,  stable  to  heat  up  to  200°  C, 
and  not  affected  by  HpSOj^  and  HCl  at  100°  C.  /15/  Tocopherols  stable  to  visible  light  but  readily 
destroyed  by  UV.  /16/  Deep  fat  frying  and  baking  result  in  appreciable  destruction.  /l7/  Folic  acid 
is  not  a  chemical  entity,  but  a  generic  term  for  pteroylglutamlc  acid  (folacin),  vitamin  M,  vitamin 
Be,  factor  U,L.  casei  factor,  Norite  elute  factor.  /18/  No  destruction  at  pH  6.8  and  100°C  for  50 
minutes;  70-100^  loss  on  autoclaving  in  pH  range  k-12.  /l9/  Aeration  at  pH  10  causes  partial  inacti- 
vation.  /20/  Rapidly  inactivated  by  light.  /2l/  Stable  to  refluxing  with  lOf,  HCl  for  6  hours,  to 
8Llkali  and  to  a  variety  of  chemical  agents.  /22/  Sensitive  to  alkali.  /23/  Nicotinamide;  nicotinic 
acid.  The  nicotinamide  is  partially  hydrolyzed  by  alkali  and  acid,  but  the  product,  nicotinic  acid, 
having  the  same  vitamin  activity  as  nicotinamide  retains  its  biological  activity.  /2k/  Autoclaving 
with  water,  acid,  or  alkali  used  in  extracting  nicotinamide  from  mixture  with  other  food  substances. 
725/  Maximum  stability  over  pH  range  5.5-7.0;  rapidly  hydrolyzed  under  more  acidic  or  alkaline  con- 
ditions. /26/  Maximum  yields  obtained  by  autoclaving  aqueous  solutions.  /27/  Only  15^  destruction 
on  autoclaving  solutions  in  6  N  HgSOi^.  for  60  minutes.  '28/  Probably  stable  to  autoclaving  with  1  N 
NaOH,  but  long  treatment  with  alkali  results  in  destruction.  /29/  Includes  pyridoxine,  pyridoxal, 
pyrldoxamlne .  /30/  Pyridoxine  not  destroyed  by  heating  with  5  N  acid  or  alkali  at  100°  C,  or  auto- 
claving in  acid  or  alkali;  pyridoxal  and  pyrldoxamlne  stable  in  hot  acid,  but  pyridoxal  peurtlally 
decon^josed  by  hot  alkali.  /51/  Oxidized  only  by  such  strong  agents  BlB  hot  HNO5,  HgOg.  /52/  Rapidly 
destroyed  by  UV  in  neutral  or  alkaline  solution.  /55/  Stable  in  neutral  or  acid  solutions.  /54/ 
1.2^  decomposed  per  month  at  pH  5.O  at  27°  C.  /55/  Destruction  rate  in  presence  of  light  increases 
as  pH  and  ten^ierature  increase.  /36/  5056  of  the  riboflavine  of  milk  destroyed  when  exposed  to  sun- 
light for  2  hours. 
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78.  STABILITY  AND  LABILITY  OF  NUTRIENTS  (Concluded) 

Nutrients  are  especially  sensitive  to  the  reaction  (pH)  of  the  solvent,  and  to  exposure  to  air. 

light  and  heat.  Unless  otherwise  stated,  reference  is  made  to  the  properties  of  the  nutrient 

in  aqueous  solution.  Where  no  footnote  is  given,  the  stability  of  the  nutrient  is  estimated  on 

the  basis  of  its  chemical  composition,  or  other  well  known  properties. 

S  =  Stable,  i.e.,  nutrient  exhibits  no  appreciable  breakdown  under  conditions  specified  in 

footnote.   L  =  Labile,  i.e.,  nutrient  exhibits  appreciable  decomposition  under  conditions 

specified  in  footnote. 

Nutrient 

Hydrogen  Ion  Concentration 

Oxygen, 
Atmosphe- 
ric 

Light 

Heat 

Loss  in 
Ord  i  nary 
Cooking-'- 

Neutral 

Acid 

Alkaline 

pH  7 

<  pH  7 

>pH  7 

i 

(A) 

(B) 

(c: 

(D 

(E) 

(F) 

(G) 

M 

16 

Vitamins  (concluded) 
Thiamine 

l57 

s58 

l59 

l}° 

S   s58Ai;  l37,59  25.^5 

Unsaturated  fatty  acids 

17 

Linoleic,  linolenic 
Arachidonlc 

Amino  acids 

S 

s 

l'^2 

&^ 

l"*' 

^M 

<10^ 

18 

Isoleuclne 

S 

s 

S 

s 

S 

Very  small 

19 

Leucine 

s 

s 

s 

s 

s 

Very  small 

20 

Lysine 

s 

s 

s 

s 

s 

Very  small 

21 

Methionine 

s 

s 

s'^5 

s 

l^<- 

s 

Very  small 

22 

Phenylalanine 

s 

s 

3 

Very  small 

23 

2h 

Threonine 
Tryptophan 

s 
s 

s 
s 

=U6 

3 
o 

Very  small 
Very  small 

25 

Valine 

s 

s 

s 

s 

s 

Very  small 

26 

Inorganic  salts 

s 

s 

s 

l'^s 

s 

s 

Very  smnl 1 

/57/  96. ^  destroyed  at  100°C  at  pH  7  in  5  hours.  /jS/  No  destruction  in  1^  HCl  in  7  hours  at  100°  C. 
/59/  100^  destroyed  in  I5  minutes  at  pH  9  at  100°C.  /UO/  Unstable  in  presence  of  air.  /hi/  Heat  sta- 
bility a  function  of  pH  and  nature  of  buffer.  /kZ/  Isomerization  of  double  bonds  occurs  in  7  minutes 
in  20^  KOH  at  178° C, although  these  vitagens  appear  to  be  less  labile  at  lower  temperatures.  /Uj/  Sen- 
sitive to  light  and  air  oxidation,  /hh/  Almost  no  destruction  of  multiple  unsaturated  fatty  acids  by 
heat,  unless  in  strongly  alkaline  solution  (cf.  Fn  14-2).  A5/  Most  amino  acids  undergo  racemization  in 
alkaline  solutions,  but  they  are  otherwise  stable.  A6/  Modified  by  UV.  A7/  Tryptophan  completely 
destroyed  by  hot  2C^  HCl  in  12  hours; threonine  undergoes  slight  destruction.  Only  peirtial  destruction 
on  refluxlng  with  2.5  N  H2S0i^  for  6  hours.  A8/  Oxidation  of  sone  inorganic  salts  of  lower  valence 
states  to  higher  valence  states  when  exposed  to  atmospheric  oxygen,  i.e.,  ferrous  to  ferric  iron. 
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Each  value  is 
uncooked  edibJ 

79.     FOOD  NUTRIENT  LOSSES  IN  COOKING 

the  nutrient  lost  In  cooking  expressed  as  a  percentage  of  the  quantity  of  the  same  nutrient 
e  portion  of  the  food  material.     Values  are  roughly  approximate  only. 

present 

in  the 

Food  Type 

Species 

Itethod  of  Cooking 

Minerals 

Vitamins^                                | 

Calcium 

Iron 

Phos- 
phorus 

Vita- 
min A 

Ascor- 
bic Acid 

Niacin 

Ribo- 
flavlne 

Thia- 
mine 

* 

* 

* 

* 

* 

* 

* 

* 

(A) 

(b) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(k1 

1 

£ 

3 

i 
1 

8 

9 
10 
11 

11 

13 

ll4 

15 
16 

17 
18 

19 

JC 

21 

23 
Zk 
y. 

St 

27 
28 

29 
50 

51 

52 
53 
5* 
55 

56 
57 
J8 
59 

»o 
•1 

Plant  Food 

Cabbage 2 

Brussels 

sprouts 
Cabbage 

Boiling:      retaining  water 

discarding  water 
Pressure  saucepan 
Steaming 

10 
UO 
50 
50 

25 
25 

20 

1 
15 

15 

Cereals 

Rolled  oats 

15  mln. 
Double  boiler:      50  min. 
120  mln. 

03 

0 

03 

03 
05 
03 

0 

2 

8 

Com2 

Com 

Boiling 

35 

15 

10 

20 

Flowers  and 
shoots2 

Asparagus 

Broccoli 

Cauliflower 

Boiling:      retaining  water 

discarding  water 
Pressure  saucepan 
Steaming 

20 

5 

15 

0 

0 

0 

10 
50 
50 

25 

15 
25 

15 

35 
15 

1 
1.0 

15 

Leafy2 

Kale 
Spinach 

Swiss  rhnrd 
and  others 

Boiling:      retaining  water 

discarding  water 
Pressure  saucepan 
Steaming 

20 

5 

15 

25 
50 
50 
60 

20 
25 

10 

10 
30 

15 

5 
30 

15 

Legumes, 
fresh2 

Beans 
Peas 

Boiling:      retaining  water 

discarding  water 
Steaming 

0 

1 

5 

15 
10 

5 

UO 
15 

5 

20 
0 

0 
20 

5 

10 

20 

5 

Potatoe82 

Potato 

Baking 

Boiled  In  Jackets 
Boiling:      retaining  water 

discarding  water 
Mashed 
Pressure  saucepan 

Steaming 

15 

10 

0 

25 

0 

20 
50 
50 

15 

15 

20 

0 

25 

5 

20 

5 

Roots  and 
bulbs2 

Btet 

Carrot 

Onion 

Parsnip 

Turnip 

Boiling:      retaining  water 

discarding  water 
Pressure   saucepan 
Steaming 

1 
25 

5 
5 

0 
15 

5 
5 

10 
65 

50 

15 
35 

UO 

15 
0 

25 

Squash2 

Squash 

Steaming 

55 

50 

Animal  Food                                                                                                                   | 

Meats 

Unspecified 

Braising:   retaining  drippings 
discarding  drippings 

Broiling:    retaining  drippings 
discarding  drippings 

Roasting:   retaining  drippings 

discarding  drippings 
Stewing:    retaining  water 
discarding  water 

10 
35 

5 

20 

5 
20 

0 
50 

5 
25 
10 
20 

10 

15 

0 

30 

UO 
55 
25 
50 

50 
UO 
50 
75 

FlBh 

Unspecified 

Frying 
Steaming 

5 
5 

10 
0 

/l/  LoBB  of  water  soluble  vitamins  Increases  In  proportion  to  amo\int  of  cooking  water  used, 
without  standing,  after  preparation. 


/2/  Cooked  InDedlately, 
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83.     ABSORPTION,    RETENTION,   EXCRETION  OF 

NORM 

AL  TISSl 

JE  CATIONOGENS:    MAMMALS 

Absorption-^ 

Retention^ 

Excretion 
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(D) 
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(F) 

(G) 

':h) 

(I) 

J) 

(K) 

1 

Aluml num5 

+ 

+ 

+ 

+ 

2 

Calciijm 

+ 

++ 

+ 

+ 

+ 

+ 

5 

CeslnTn^>6 
Cobalt°^'7 

+ 

+ 

+ 

+ 

+ 

+ 

k 

+ 

+ 

++ 

+ 

+ 

5 

Copper'^ 

+ 

+ 

++ 

+ 

6 

Iron^'  "^ 

+ 

+ 

+ 

7 

Lithluin5 

+ 

+ 

+ 

++ 

+ 

8 

Ma^esium 

+ 

+ 

+ 

+ 

-H- 
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Manganese'^ 

+ 
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++ 
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+ 

LO 

Nickel5>T 

+ 

++ 

+ 

++ 

LI 

Potassium 

+ 

+ 

+ 

+ 
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L2 

Rubidlijm5 
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+ 

+ 

+ 

+ 

L3 

Scandium5 

+8 

+ 

+ 
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Ik 

Sodium 
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+ 

+ 
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++ 
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15 

Tin5,7 

+ 

+ 
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++ 

+ 

l6 

Titanium^ 
Zlnc° 

+8 

+ 

L7 

+ 

+ 

+ 

+ 

+ 

++ 

/I/  After  oral  administration.  Mostly  absorbed  =>705t;  partly  absorbed  = 
5-70^;  mostly  unabsorbed  =>5^.  Extent  of  absorption  may  depend  on  the 
amount  offered;  it  is  assumed  that  the  various  ions  are  offered  in  the 
form  of  simple  soluble  compounds,  or  metallic  oxides.  /2/  Due  to  in- 
ade^iuate  absorption  after  oral  administration,  data  on  retention  and 
excretion  of  poorly  absorbed  elements  are  frcjm  parenteral  administra- 
tion, /j/  Kidney,  liver,  pancreas,  spleen,  etc.  /k/  Other  than  in  the 
bile,  or  by  route  not  definitely  established.  /5/  Not  commonly  thought 
of  as  normal  tissue  cationogen,  but  is  present  in  trace  quantities  as 
a  result  of  occurrence  in  small  amounts  in  animal  foods.  /6/  Data  ob- 
tained in  part  from  studies  using  radioactive  isotopes.  /7/Valence  of 
two.  /8/  Probably,  in  view  of  position  in  the  periodic  table,  £ind/or, 
water  solubility. 


147 


148 


o 

o 

H 
H 
tf 
U 
X 

u 
o 

I— « 

H 

z 

H 

PS 


Z 

u 
o 
o 
z 

o 

z 
<: 


Z"2 


00 


a 
o 

•H 

•PCVJ 
<u  s) 

o  > 


CVJ 

c 
o 

•H 

c 

4) 
-P 
4) 
« 


a 
o 


o 
to 


■^auT^sa^ui 


STTS 


3trf  jfi 


jBxnxia  DB  J  VQ 


ganssfi  Tsjanao 


rstreSjo  "i 


'O'^.s    'anog 


ppaqjoaqnan  ^"[^sow 


paqaosqv  Xx^b<j 


paqjogqv  -^T^scw 


a> 

I 


« 


m 


o 


w 


« 


+  +  +      + 


+  +  +       + 

+  +  +  +  +       + 


+  +       +  + 


+ 


^  (W  rA-4-  ir\      ^o 


&■  W   0) 


^3 

o  s 

u 


z 
.  w 
zu 


o 

z 
o 

s 


w  w 
Z53 

O  H 


PQ 
< 


O 

Z 


in 

CO 


'^u•fc^s^^lrr 


SITS 


auTJn 


JTV  paJT<ix3 


wrepixT33^-c^'^ 


sanssfx  reaanao 


gSireSjo  ni 


•oq.9   'anog 


paqjosqBtin  Xxq.sow 


paqjosqv  jCxvrBJ 


paqjosqv  iCxq-SOM 


i< 


w 


a 


Ph 


w 


m 


+  + 


+  + 


+  +  +  + 


+  +  + 


t  ttt       t  ^  t 


+  +      +  +       +  +  + 


+  +  +       +       + 

+ 


(U 

■p 

(d                  <u 

Q>lf\ 

a  <u  (u       -p 

+J    (U 

01 

carbo 

lorld 
uorld 
dlde 
lybda 

a)  -p 

+J 

x:  tfl 

trt 

P,  o 

tl 

to   -H 

at 

O  H 

C! 

•H  ja  rH    o    o 

XI   -H 

trt 

m  o  Ii,  M  s 

P4  CO 

> 

H   CM  hO,^   LfN        MP  t— CQ 


.«  +J    to 

■Vh 

•^ 

•^    1      & 

C> 

>, 

<u  a  o 

4) 

^    O    Jh 

t^  p  +j 

o 

C 

•H     O    (m 

;S" 

•d 

•°>, 

Tj 

<M 

Ui 

-P    bO  3 

4)       • 

41 

— 

^-(fi.      • 

x: 

CVJ 

•H     P, 

(h  ir\Tt 

o  Y  "U 
to   n   ^ 

■p 

■ — ^ 

c  tn 

•H          c 

c 

• 

^^■H 

;□          4) 

tH 

to 

§< 

aJ  T)  <« 

<u 

41  (m 

Tl 

T) 

x;       -d 

XI    O 

4> 

-H 

+J           4J 

^^ 

^1 

X 

a 

4) 

o 

U       •    -H 

4->     to    +3 

<i-l 

4)  -d   (B 

to  p    C 

<« 

V 

x:  4)  +j 

o  <a  3 

(> 

•H 

-P  X!  X> 

^§1 

rH 

O    to    O     • 

41 

^ 

--^•H  to 
N^   rH               4) 

>. 

^ 

■P 

—  ,o    aJ    ft 

.  H    V 

4J 

aJ  +J    o 

a  -p  x: 

fl 

+j    aJ  +J 

o    to  +J 

to 

•   to  P   o 

•H     O 

C 

!h 

o    OJ         to 

■P  s  c 

O 

C) 

•P          tH 

a       o 

■H 

<u  >iir\ 

u 

•s 

-H^-.*) 

+J     ••>  T) 

01 

to 

-  OJ          > 

to*?-  C 

•H  O     4) 

3 

d 

C   +J          -H 

O 

4)   -H          +i 

d   t^    P.-H 

4)    C      •    O 

■H      1      4J 

t. 

<> 

r-H  tH  -d   aS 

E   iPv  "d 

crt 

M< 

P,IV-I   -H     O 

>• 

to    4)    O   -H 

oJ    II     >> 

4) 

C) 

."^^^ 

J3 

to   4^    XI     ^^ 

■p 

OJ 

a)    O  +J 

rH 

>H     Vh     O 

+J 

Xi 

O    O  -H 

^ 

d 

O    4)   T-l   -H 

to   4J 

-H 

C  +J  to 
3    3  -d    3 

4)    eS    W 

+J 

C) 

to 

P<   O    4) 

P          O 

Tl 

^H     P      to 

■oi  H  XI 

ai 

III 

•>        aJ   4) 

i-A 

^,  >>  t(  -1 

M    3  tw 

3 

P< 

4»  ^  +j  -d 

to 
to 

a 

>  C  3 
■H    Vi    4J   +3 

•-->  P(  o 

(d 

to 

H    O    cj    to 

149 


87.     CHEMICAL  ELEMENTS,    FUNCTIONS:     ANIMALS 

The  functions  listed  In  the  table  require  the  specific  elements  noted.  In  addition,  carbon,  hy- 
drogen, nitrogen,  oxygen,  phosphorus  and  sulfur  are  required  for  the  functions  of  synthesis  of 
structural  proteins,  carbohydrates,  fats  and  other  organic  compounds,  and  for  formation  of  end 
products  of  metabolism. 


Element 


Ingestion  and 
Absorption 


Distribution 


Function 


Excretion 


EI 


TbT 


:ici 


1 

2 

3 

k 
5 
6 

7 

8 

9 
10 
11 
l£ 
13 
Ik 

15 
l6 

n 

19 

20 
21 
>£ 

23 

2k 

25 
26 
27 
28 
29 
50 
51 
52 
53 
51* 
55 
56 
51 
58 
59 
iO 
il 


Traces  in  many  foods. 
Probably  completely 
absorbed  from  gastro- 
intestinal tract. 


Bromine 


Same  as  chloride  in  mam- 
mals .   In  Tyrian  Purple 
(=bromlnated  Indigo)  de- 
rived from  viscera  of 
marine  gastropod  (Purpura 
aperta);  in  dibromo  tyro- 
sine in  protein  gorgonin 
from  coral  (Primnoa  lepa- 
difera) 


Not  known. 


Mainly  in 
urine. 


Calcium 


Almost  entirely  as 
salts  of  Inorganic  or 
organic  acids.   Par- 
tial absorption  from 
gastrointestinal 
tract.   Absorption 
aided  by  vitamin  D 
and  low  pH. 


Insoluble  calcium  phos- 
phate complex  in  bones, 
teeth  in  vertebrates.  In 
exoskeleton  of  numerous 
invertebrates  as  calcium 
carbonate.  Minute  con- 
centrations as  soluble 
salts  in  body  fluids,  all 
species.  As  CEilclum  car- 
bonate in  shell  of  certain 
eggs 


Component  of  supporting 
structure  in  higher 
forms,  many  lower  forms. 
Vital  electrolyte  of 
cell  and  extracellular 
fluid.  Protective  shell 
of  eggs. 


In  urine, 
feces  In 
varying 
portions. 


As  for  sodium. 


Chlorine 


Distribution  similEir  to 
that  of  sodium,  but  in 
general,  milliequivalent 
concentrations  are  lower. 
Chief  anion  of  gastric 
Juice.  Also  present  in 
all  other  gastrointesti- 
nal secretions  and  all 
extracellular  fluids. 


Although  principal  anion 
of  extracellular  fluid, 
function  Is  unknown. 
Variation  in  CI  concentra 
tlon  appears  to  be  better 
tolerated  than  in  Na  and 
most  other  electrolytes. 


Chiefly  in 
urine. 
Variable 
amount  In 
sweat . 


Trace  constituent  of 
many  foods.  Absorbed 
from  gastrointestinal 
tract. 


Trace  distribution  in 
many  tissues,  particu- 
larly glEuids  and  viscer- 
al organs,  e.  g.,  liver. 


Cobalt 


Component  of  vitamin  B12 
(Cobalamin),  required  by 
some  species  from  lowest 
to  highest  forms .  Cobalt 
deficiency  occurs  in  ru- 
minants as  "Pine" disease, 
salt  sickness,  bush  sick- 
ness, "coast"  disease. 
Cobalt  enhances  activity 
of  certain  peptidases. 


In  urine 
and  feces. 


t5 
»6 
il 
»8 
♦9 
50 
51 
52 
53 
5^ 
55 
56 
57 


Minute  amounts  In 
food  as  copper  pro- 
tein complexes .  Poor- 
ly absorbed  from  in- 
testine. 


Copper 


Higher  concentrations  in 
invertebrates  than  In 
vertebrates.  Highest  con- 
centrations in  hepatopan- 
creas  and  gonads  of 
Mollusca;  lowest  concen- 
tration in  muscle.  High 
concentration  in  gut  of 
insects.   Present  In 
turacln  (red  pigment  of 
feathers  of  turaco  bird) . 
Injected  Cu  accumulates 
in  liver,  kidney.  Liver 
is  principal  site  of 
storage. 


Erythropoiesis.  Myelini 
zatlon  of  central  nervous 
system.  Maintenance  of 
mammalian  pigmentation. 
Trace  quantities  es- 
sential for  hemoglobin 
and  possibly  Iron- 
porphyrin-protein  enzyme 
synthesis.  Constituent  of 
several  enzymes  present 
in  animal  tissues  (poly 
phenol  oxidase,  tyro- 
sinase, laccase,  catechol 
oxidase,  and  ascorbic 
acid  oxidase).  Component 
of  hemocyanln,  respira- 
tory pigment  of  numerous 
marine  animals;  component 
(cont'd  on  next  page) 


Most  of 
orally  ad- 
ministered 
copper  ap- 
pears in 
feces  due 
to  poor 
absorption. 
Parenter- 
ally  ad- 
ministered 
Cu  is 

slowly  ex- 
creted, 
mainly  in 
feces, 
less  In 
urine. 


150 


87.  CHEMICAL  ELEMENTS,  FUNCTIONS:  ANIMALS  (Continued) 

The  functions 

listed  in  the  table  require  the  specific  elements  noted.   In  addition,  carbon,  hy- 

drogen,  nitrogen,  oxygen,  phosphorus  axid  sulfur  are  required  for  the  functions  of  synthesis  of  | 

structural  proteins,  carbohydrates 

,  fats  anri  other  orgEinic  congiounds,  and  for  formation  of  end 

products  of  metabolism. 

Element 

Ingestion  and 
Absorption 

Distribution 

Function 

1 .  

Excretion 

^a) 

(b) 

Ic) 

(B) 

(E) 

5£ 
5S 

of  hepatocupreln,  hemo- 

cuprein-protein  complexes 

60 

found  in  liver,  blood  of 

61 

certain  mammsils.  Nutri- 

62 

tional  deficiency  disease 

63 

Copper 
( concluded 

occurs  in  cattle,  sheep. 

61) 

) 

with  inadequate  intake  or 

65 
66 

with  increased  Intakes  of 

molybd' jm.  Molybdf  jm  and 

67 

copper  are  mutually  an- 

6e 

tagonistic  in  ruminant 

69 

70 

metabolism. 

Traces  in  various 

Present  In  bones,  teeth. 

Diminishes  solubility  of 

Primarily 

71 

Fluorine 

foods,  significant 

High  concentration  of  0.6 

bones  and  teeth  in  weakly 

in  urine. 

72 

quantities  in  water 

to  1.6  per  cent  F  In 

acid  solutions.   De- 

75 

7U 

in  certain  areas. 

bones  of  sen  animals. 

creases  caries  incidence. 

Trace  amounts  In 

Principally  in  thyroid  of 

Minute  intake  essential 

Mainly  in 

75 

various  foods  mostly 

vertebrates .   Component 

for  growth  and  for  pre- 

urine. 

76 

as  iodide  or  as  com- 

of thyroxin,  dllodotyro- 

vention  of  goiter. 

77 

ponent  of  orgauiic 

sine  and  thyroglobulin. 

78 

Iodine 

compounds .   Amount  In 

Trace  amounts  In  other 

79 

food  related  to  I 

tissues.  Relatively 

80 

content  of  soil.  Ab- 

more Iodide  in  marine 

81 

sorbed  from  intes- 

fish and  other  marine 

82 

tine  and,  in  lower 

animals. 

83 

forms,  through  cell 

81. 
85 

membranes. 

Mainly  as  ferrous 

In  blood  hemoglobin. 

Respiratory  pignents  of 

Only  traces 

86 

compounds  from 

muscle  hemoglobin,  cyto- 

higher and  lower  forms. 

in  excreta. 

87 

gastrointestinal 

chrome  of  nil  cells. 

(Platyhelmlnthes  con- 

Loss  by  ex- 

8e 

tract.  More  ab  orp- 

Stored  in  liver  and 

tadn  hemoglobin. ) 

cretion  not 

89 

tion  vd.th  iron  de- 

spleen as  ferritin  (iron 

Cytochrome  is  present 

more  than  1 

9C 

ficiency  states. 

phosphoproteln) . 

in  practically  all 

mg/day  ex- 

91 

cells. 

cept  in 

9£ 

Iron 

presence  of 

93 

hemorrhage . 

91. 

Iron  in  fe- 

95 

ces  is  pri- 

96 

marily  die- 

97 

tary  unab- 

9e 

sorbed 

9S 
LOC 

Iron. 

Widely  distributed  in 

Minute  amounts  in  plasma 

Essential  electrolyte. 

Urine  and 

LM 

foods.   Ingested  as 

and  extracellular  water. 

Low  concentrations  in- 

feces. 

102 

Magnesium 

salt  of  inorganl c  or 

Large  amounts  in  intra- 

crease cell  irritability. 

LO3 

organic  acid.  Ab- 

cellular fluid. 

Required  for  activity 

LQl) 

sorbed  from  in- 

of several  animal 

LO^ 
106 

testine. 

enzymes. 

Traces  present  in 

Particularly  in  liver. 

Component  of  enzyme 

Mainly  In 

101 

most  pleint  and  animal 

pancreas  and  hnlr.   Also 

arglnase.   Enhances  ef- 

feces; 

L08 

foods.  Poorly  ab- 

in all  other  tissues. 

fect  of  certain  protein- 

traces in 

LO9 

sorbed  from  gastro- 

Blood pigment  of  shell 

ases. 

urine. 

lie 

intestinal  tract. 

fish  (Pinna  squamosa)  con- 

Necessary for  growth 

Li: 

tains  Mn  rather  than  Fe 

of  young  animals  (rab- 

112 

Manganese 

or  Cu. 

bits,  rats).   Also  re- 

113 

quired  for  proper  repro- 

ill* 

duction  in  many  adult 

U-; 

forms.  Required  for 

L16 

fertility  of  hen  s'eggs. 

in 

Needed  to  prevent  pero- 

LIB 

sls  In  chicks. 
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87.     CHEMICAL  ELEMENTS,    FUNCTIONS:    ANIMALS  (Continued) 


The  functions  listed  in  the  table  require  the  specific  elements  noted.  In  addition,  carbon,  hy- 
drogen, nitrogen,  oxygen,  phosphorus  and  sulfur  are  required  for  the  functions  of  synthesis  of 
structural  proteins,  carbohydrates,  fats  and  other  organic  compounds,  and  for  formation  of  end 
products  of  metabolism.  


Element 


2aI 


119 
120 
121 
122 
125 
121* 
125 
126 
127 
128 

129 
13C 
151 
132 

153 

13^ 

155 

156. 

13T 

156 

13S 

ii*c 

lUi 

Iki 

1^1 

Ikl' 

Ike 
i4T 
iki 
Iks 

15C 

151 

15£. 

153 

15^ 

15! 

156 

157 

15f 

15S 

16C 

l6l 

162 

163 

161* 

165 

166' 

167 

168 

169 

170 

171 

172 

1T5 

171* 

175 

176 

177 

178 


Occurs  as  phosphate 
in  most  foods.   Ab- 
sorbed from  gastroin- 
testinal tract  in 
higher  forms.   Ab- 
sorbed through  cell 
membranes  in  lower 
forms. 


Phosphorus 


Potassium 


Silicon 


Sodium 


Sulfur 


Ingestion  Eind 
Absorption 


HE 


Large  quantities  as  phos- 
phate complex  of  calcium 
in  bone  of  vertebrates. 
Component  of  phospho- 
lipids (nerve  and  other 
tissues),  phosphocreatine 
or  phosphoarginine  (mus- 
cle); as  inorganic  POlj 
in  cell,  extracellular 
fluid;  as  nucleoprotein 
in  all  tissues;  and  as 
adenosine  triphosphate 
(ATP)  in  variety  of  cells 
of  higher  and  lower  spe- 
cies.  Intracellular  in- 
organic phosphate  low 
relative  to  phosphate 
esters. 


Ingested  as  inorganic 
salt  in  variety  of 
foods.   Absorbed  from 
intestine.  Absorbed 
through  gills  and 
cell  membranes  in 
many  lower  marine 
forms. 


Absorbed  from  intes- 
tine.  Inhaled  parti- 
cles deposit  in  lungs 
and  give  rise  to 
serious  effects.   Ab- 
sorbed through  cell 
membrane  of  lower 
forms . 


Widely  distributed  in 
foods  as  Inorganic 
salt.  More  in  foods 
of  animal  origin  than 
in  foods  of  plant 
origin.  Taken  as  NaCl 
by  many  higher  verte- 
brates including  man. 
Absorbed  from  intes- 
tine in  higher  forms 
and  through  gills  and 
cell  membranes  in 
lower  forms. 


As  Inorganic  sul- 
fates, organic  sul- 
fates and  sulfhydryl 
sulfur  of  cystine  and 
methionine. 


Vanadium 


Extracted  from  marine 
muds  by  Ascidia. 


Distribution 


IcT 


Important  structural  com- 
ponent of  bone.  Component 
of  high  energy  P  com- 
pounds (ATP,  phosphocrea- 
tine, phosphoarginine, 
acetyl  phosphate).   Com- 
bines with  Intermediates 
in  carbohydrate  metabol- 
ism.  Buffer  in  urine. 
Constituent  of  nucleo- 
protein.  Component  of 
phospholipids  (intermedi- 
ates in  lipid  metabolisij. 


Principal  cation  of  in- 
tracellular water.  Small 
amount  in  extracellular 
water . 


In  skeletal  structures 
and  in  supporting  struc- 
tures of  certain  Proto- 
zoa, Poriphera  and  higher 
forms. 


Major  part  of  body  sodium 

is  extracellular,  much  in 
bone.  Some  intracellular. 
Tissues  vary  in  concen- 
tration of  intracellular 
sodium,  muscle  containing 
only  small  amounts.  Data 
on  other  than  mammalian 
forms  not  available. 


Small  amount  of  sulfate 
in  extracellular  H2O. 
Relatively  large  amount 
in  proteins  and  small 
amount  in  certain  lipids. 


In  blood  respiratory 
pigment  of  marine  worm, 
Ascldla. 


Function 


m 


Essential  cation  of  in- 
tracellular fluid. 


Protective  and  structural 
component  of  various  low- 
er animal  forms. 


Chief  cation  of  extra- 
cellular water.  Essen- 
tial for  proper  external 
environment  of  cells. 
Chief  cation  of  intesti- 
nal secretions.   Salts 
are  important  buffers  of 
plasma,  extracellular 
water  and  urine. 


Essential  component  of 
many  proteins.  Sulfuric 
acid  secreted  as  di- 
gestive fluid  in  As- 
cidia. Sulfate  is  im- 
portant anion  in  intra- 
cellular fluid.   Sul- 
fate used  in  detoxifica- 
tion  reactions. 


Excretion 


iEl 


Excreted  in 
urine  and 
feces. 


Almost  en- 
tirely in 
urine. 
Minute 
amounts  in 
feces  and 
sweat . 


Primarily 
in  urine 
of  verte- 
brates. 


Primarily 
in  urine. 
Variable 
quantities 
in  sweat . 
Small 
amounts 
In  feces. 


Component  of  respiratory 
pigment  which  provides 
oxygen  transport  in 
Ascidia. 


Mostly  in 
urine  as 
sulfates 
and  sulf- 
hydryl com- 
pounds. 


Mostly  in 
feces. 
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87.     CHEMICAL  ELEMENTS,    FUNCTIONS:    ANIMALS  (Concluded) 

The  functions  listed  in  the  table  require  the  specific  elements  noted.  In  addition,  carbon,  hy- 
drogen, nitrogen,  oxygen,  phosphorus  and  sulfur  are  required  for  the  functions  of  synthesis  of 
structural  proteins,  caxbohydrates ,  fats  emd  other  organic  compounis,  and  for  formation  of  end 
products  of  metabolism. 


Element 


TaT 


Ingestion  and 
Absorption 


HI 


Distribution 


JcL 


Function 
<Dl 


Excretion 


m 


179 
180 
L81 
182 
183 
L8it 
185 
l86 


Zinc 


Traces  present  in  most 
foods.  Absorbed  from 
gastrointestinal 
tracts;  in  lower  forms 
through  cell  membrane. 


Largest  quantities  in 
pancreas,  hair,  nails, 
bone.   Very  large  con- 
centrations in  certELln 
oysters  and  in  herring. 


Prosthetic  group  of  car- 
bonic anhydrase.  Indis- 
pensable for  nutrition 
of  growing  rat.  Also 
required  by  adult  for 
reproduction.  Needed  for 
activation  of  certain 
proteinases . 


Mainly  by 
feces. 


88.     TRACE  ELEMENTS,    FUNCTIONS:    ANIMALS 


Element 


lEL 


Biologically  Impor- 
tant Compounds  or 
lone 


.^letabolic  Role 


Deficiency 
Manifeetations 


mr 


Toxic 
Manifestations 


^quantitative   Considerations 


Normal  Levels  or 
Requirements 


Toxic  Levels 


LBl 


HI 


in: 


Icl. 


IC 


Cobalt 


Vitamin  812- 
Vitamin  Bi2a  or  b. 
Vitamin  Bi2c. 


Growth  promotion 

Bl2,  chick). 
Production  of  la- 
bile methyl, 
groups  and  trans- 

thylation. 
Synthesis  of 
ribonucleic  acid. 


Hemocyanln. 
Tyrosinase. 
Ascorbic  acid  oxi- 
dase. 

Heraocuprein. 
Hopatocuprein. 
Transferrin. 
Turac  in . 


l^L'thargy,  wasting, 
inanition,  anemia, 
fatty  liver,  death 
{ sheep,  cattle) . 
Addisonian  type 
pernicious  anemia 
(man) . 

Demyelioation: 
combined  system 
disease  (man). 


E'olycythemia  (rat 
and  other  roamnals, 
birds,   and  aiq)bi- 
bia). 

Death  (rat). 
Degeneration  of 
alpha  cells  of 
pancreatic  islets. 


5.0  ug  vitamin 
Bi2/day  in  perni- 
cious anemia. 


50  mg  Co*"*"/kg  body 
wt/day  (growth 
failure  In  rat) . 


15 


Copper 


2^ 


Respiratory  pig- 
ment  (Mollusca 
and  Arthropoda) . 
Ke r at 1 nl zat 1 on , 
pigmentation  of 
hair. 

Myellnization  of 
nerve. 

Erythropoiesis . 
Iron  metabolism. 


Achromotrichia  and 
impairment  of  ker- 
atin! zatlon. 
Anemia. 

Hemosiderosis. 
Cachexia. 
Inhibition  of 
growth. 
Ataxia. 

Cardiac  deconden- 
sation. 

Eventually  death 
(all  above  symptoms 
observed  in  cattle 
and  sheep) . 
Microcytic,  hypo- 
chromic anemia 
(rabbit,  sheen K 


Hemolytic  crises. 
Jaundl ce . 
Hemoglobinuria . 
Death  (sheep, 
cattle ) . 


9^  ±   10  ug/100  ml 
blood  (man). 
2  mg/day,  daily 
requirement (man) . 
10  mg  Cu/day,  ac- 
cording to  Mo"*""*" 
and  SOu=  In  diet 
^beep) . 

100  ug  Cu/lOO  ml 
blood  (sheep, 
cattle). 


20.50  mg  Cu/day 
causing  excess 
storage,  which  may 
result  in  death 
(sheep) . 

8.5  mg  Cu  as  chlor- 
ide, lethal  dose 
( rabbit ) . 
200-1*00  g  Cu  as 
sxilfate,  lethal 
dose  ( cattle ) . 


50 


55 


No  evidence  that 
it  is  essential. 
Optiimim  amount  In 
teeth  is  associ- 
ated with  resis- 
tance to  caries. 


Acute  gastroenti-  1.0-2.0  p. p.m.  F' 
tis,  vomiting,     in  HgO  will  re- 
pain,  and  diarrhea  duce  carles  in 
(man) .  children. 

iMarked  fall  in 

blood  pressure  (man).  Convulsions.  Mottled 
enamel  (man).   Osteosclerosis  (man).   Growth 
inhibition  (rat).  Disturbance  of  ovarian, 
pituitary,  ar^  thyroid  function  (rat).  Phos- 
phatase inhibition.   Esterase  Inhibition. 
Enolase  inhibition. 


0*5  g/>tg  body  wt 
orally,   acute  dose 

umnals) . 
3.0-lt.O  p. p.m.   F" 
in  H2O  (production 
of  mottled  enamel 
rat). 
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88.     TRACE  ELEMENTS,   FUNCTIONS:    ANIMALS  (Concluded) 

Eleinent 

Biologically  Impor- 
tant Compounds  or 

Metabolic  Role 

Deficiency 

Toxic 

Quantitative  Consideration 

Normal  Levels  or 

Manifestations 

Manifestations 

Toxic  Levels 

Ions 

Requirements 

^^] 

ih) 

(c) 

(D^ 

(e) 

If) 

(g) 

1.0 

I" 

Mono  lodotyrosine . 

Promotion  of 

Cretinism  or  myxe- 

Hyperthyroidism, 

}  us   I' /kg  body 

Dllodotyroslne . 

growth  and  de- 

dema (children). 

excess  thyroxine. 

vt,  daily 

Thyroxine . 

velopment. 

Myxedema  (man). 

Angioneurotic  ede- 

requirement. 

Iodine 

Thyroglobulin. 

Maintenance  of 

Goiter. 

ma,  excess  I". 

U.U5  ^g$,  normal 

■•5 

3,5,5  triiodo- 

normal metabolic 

lodism  causing 

whole  blood  Io- 

thyronine . 

rate. 

I";  resorption  of 

inflamnatory 

salivation,  cory- 
za.,    skin  lesions, 
headache,  bloody 

dine. 

5C 

leslonB. 

diarrhea. 

Hemoglobin. 

Transportation  of 

Fatigue  and 

Gastroenteritis, 

(fl2   mg  orally 

6-10  g  ferroxiB 

Myoglobin. 

©2  and  CO2. 

listlessness. 

acute  hemorrhagic 

daily  (man) . 

sulfate  orally. 

Cytochromes . 

Redox  catalysis. 

Sore  tongue. 

gastritis,  liver 

915  mg  orally 

l/2g  colloidal 

Cytochrome  oxi- 

Dissociation of 

Angular  stomati- 

damage caused 

dally  (man). 

ferric  hydroxide 

dase. 

H202. 

tis. 

from  oral  admin- 

^■100-150 ugf,, 

or  oxide  intra- 

55 

Catalase . 

Dysphagia. 

istration  of  fer- 

990-150 ng^,  serum 

venously  . 

Ferritin. 

Kollonychia. 

rous  sulfate. 

Iron  levels. 

Verdoperoxidase . 

Microcytic,  hypo- 
chromic anemia 
(man). 

Flushing,  nausea 
and  vomiting,  lac- 
rlmation,  and  par- 

60 

Iron 

esthesia  caused 
from  intravenous 
administration  of 
ferrous  sulfate. 
Hemochromatosis 

6; 

caused  by  exces- 
sive absorption 
not  normal  Intake 
due  to  a  metabolic 

7C 

abnormality. 

Mn** 

Essential  for 

Growth  impairment 

Parkinsonian- like 

rfO.17  ng*,  90.15 

normal  reproduc- 

(rabbit, rat, 

disturbance  of 

Mg*. 

tion,  lactation, 

moxise) . 

speech  and  gait, 

bone  formation, 

Congenital  debil- 

muscxilar weakness. 

and  growth. 

ity  (rat). 

tremor,  and  loss 

75 

Arglnase  activa- 
tion. 

Leucylpeptldase 
activation. 

Sterility  with 
testicular  atrophy 
and  estrus  cycle 
Irregularity  (rat, 

of  sexual  vigor 

(man) . 

Liver  damage. 

Manganese 

Oxalacetlc  car- 

rabbit). 

8C 

boxylase  activa- 
tion. 

Pho  sphogluc  omu- 
taae  activation. 
Phosphatase 

Skeletal  abnormal- 
ities (rat,  chick, 
rabbit). 
Perosis  (chick) 

85 

activation. 
Function  In 
choline  metabo- 
lism. 

Carbonic  anhydrase . 

Catalysis  of  the 

Growth  inhibition. 

Metal  fume  fever 

8.8  i  2  Jig  per  ml 

2   mg/kg  body  wt  as 

'JO 

Zinc  uroporphyrin. 

reaction:  CO2  + 

cachexia,  poster- 

(man). 

whole  blood  (man)  Zn  gluconate  (man).| 

Zinc  coproporphy- 

^0^*E2CO^   for 

ior  column  di- 

Anemia (rat). 

rln. 

release  of  COg 

sease  ( mouse ) . 

Hemosycotypln. 

at  the  lung  al- 

Achromotrlchia. 

Zinc-melBQia. 

veoli;  for  up- 

Eczema and  alo- 

95 

Zinc 

Zn^-+ 

Zinc  protein. 

take  of  CO2  at 
the  tissue 
cells;  for  the 
production  of  HCL 
In  the  gastric 

pecia  (rat). 
Elevation  of  blood 
uric  acid,  reduced 
blood  alkaline 
phosphatase,  low 

100 

mucosa  and  for 
renal  tubular 
control  of  urin- 
ary pH. 
Blood  respiratory 

pancreatic  amylase 
(rat). 

L05 

pigment  of  the 
snail. 

Activator  of 
leucyld Iglyc 1 nase 
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89.     THE  VITAMINS,    THEIR  FUNCTIONS,   SIGNS  OF  DEFICIENCY 
AND  EXCESS:    MAN  AND  OTHER  VERTEBRATES 

VITAMIM  A  (Antl -xerophthalmia  factor,  axeropthol) 

Re(iulrea  by  all  vertebrates  studied,  Including  man,  cattle,  dog,  guinea  pig,  hedgehog,  horse,  monkey,  rabbit, 
rat,  chicken,  turkey.   May  be  formed  vlthln  the  organ  1  nm  frcm  one  of  the  carotenold  provitamins,  alpha-, 
beta-,  gamma-carotene,  or  cryptoxanthln .  Exists  as  vitamin  Ai  In  marine  fishes  and  land  vertebrates,  as  both 
Ai  and  Ag  In  amphibia  and  anadromous  and  catadromous  fishes,  and  as  Ag  (in  place  of  or  In  addition  to  A^)  In 
fresh  water  fishes. 

Functions 

Signs  of  Deficiency-'-'^ 

Signs  of  Excess^ 

(A) 

(B) 

(C) 

1 

5 

LO 
15 
>0 

Stimulates  growth  and  devel- 
opment to  normal.  (Man, 
pig,  rat,  others). 

Maintains  the  health  of 
epithelium. 

Vitamin  A  (primary  alcohol, 
CigHaYCHgOH)  Is  a  precur- 
sor for  retlnene  (corres- 
ponding aldehyde  C19H27CHO) 
which,  with  the  visual  pro- 
teins ("opsins"),  forms  the 
photosensitive  visual  pig- 
ments (rhodopsln,  porphyr- 
opsin,  lodopsln).  Dlphos- 
phopyrldlne  nucleotide 
(contedns  nicotinamide, 
q.v.)  and  retlnene  reduc- 
tase (alcohol  dehydrogen- 
ase) are  Involved  In  the 
reactions . 

General:  Retarded  growth  of  young  (Man,  rat,  chick, 
turkey); inability  to  stand  on  hind  legs  (Pig). 

Bone:   Localized  overgrowth  (Cattle,  rat). 

Eye:  Retina— synthesis  and  regeneration  of  visual  pig- 
ments decreased;  night  blindness;  visual  acuity  im- 
paired; photophobia  (Man).  Cornea,  sclera,  lacrimal 
glands  and  ducts,  conjunctiva— degenerative  changes  as 
with  other  epithelium  (q.v.);  may  lead  to  xerophthalmia, 
keratomalacla  in  severe  deficiency  (Man,  rat). 

Epithelium:   Skin  (Man,  rat)  and  mucosae  (Man),  particu- 
larly of  upper  respiratory  tract,  sinuses,  bronchii, 
bronchioles,  genitourinary  tract--metaplasia,  hyper- 
keratinizatlon,  comif icatlon,  desquamation,  varying  In 
degree  with  severity  and  duration  of  deficiency. 

Neural:   Optic  nerve  degeneration,  possible  result  of 
skull  overgrowth  and  pressure  (Cattle,  rat). 

Reproduction:  Decreased  egg  production  (Chicken);  Irregu- 
lar eBtrus--sterlllty,  male  (Rat). 

Teeth:  Odontoblast  atrophy  (Man,  rat). 

Blood:  Hypoprothrcmbin- 
emla  (Rat);  Increased 
serum  lipids,  phospha- 
tase; decreased  serum 
proteins  (Man). 

Bone:  Fragility,  hyperos- 
tosis, cortical  thicken- 
ing of  long  bones,  per- 
iosteal swellings,  pain 
(Man). 

Epithelium:  Dryness,  ex- 
foliation; hair  sparse 
and  rough;  mouth  des- 
quamation, hyperemia  of 
skin  and  mucosae  (Man). 

Liver:  Enlargement  (Man). 

Vascular:  Telangiectasis. 

ASCORBIC  ACID  (Vitamin  C;  antl -scorbutic  factor) 
Required  by  man  and  other  primates,  guinea  pig. 

Functions 

Signs  of  Deficiency^' 

Signs  of  Excess 

(A) 

(b) 

(C) 

?5 

30 
35 
to 

Protects  adrenal  oxy-ster- 
oids  from  destruction  by 
liver  (Rat). 

As  an  antl -oxidant  protects 
hydrogen  carriers. 

Prcmotes  oxidation  of  fatty 
acids;  participates  In 
oxidation  of  arcanatlc  amino 
acids. 

Promotes  conversion  of  folic 
acid  to  follnlc  acid. 

Essential  for  formation  of 
intercellular  substances: 
collagen,  ossein,  dentine. 

Increases  phagocytic  ac- 
tivity. 

Prevention  and  treatment 
of  scurvy  (Primates,  guinea 
pig). 

Alleviates  some  effects  of 
vitamin  A  lack  and  moderate 
excess;  In  large  amounts 
alleviates  effects  of  thia- 
mine and  pantothenic  acid 

(cont'd  next  page) 

General:   Loss  of  appetite,  decline  in  physical  activity; 
retarded,  defective  wound  healing:  general  weakness  in 
organs  with  high  content  of  Intercellular  substance  and 
particularly  those  with  a  high  calcium  content. 

Skin,  hair:  Follicular  keratosis  (Man);  loss  of  luster, 
rou^ening  of  fur  and  hair. 

Bone;  Disorientation  of  cells  In  growing  region;  beading 
of  ribs;  failure  of  chondroblast  and  osteoblast  differ- 
entiation and  maturation. 

Teeth:  Disorientation  of  cells  in  growing  region;  failure 
of  differentiation  and  maturation  of  ameloblasts  (enamel 
organ);  loosening  of  teeth  in  their  sockets  (Primates); 
swollen  gums. 

Hematopolesls:  Anemia  with  decrease  in  red  cells  and  hemo- 
globin; Increase  In  circulating  leukocytes. 

Fibroblasts:  Failure  of  differentiation  and  maturation. 

Vascular:  Capillary  hemorrhages,  particularly  in  subcutan- 
eous and  intra -muscular  areas. 

Muscle:  Swelling  atrophy,  waxy  degeneration  of  skeletal 
muscle;  soreness  of  muscles  leading  to  assunqption  of 
"face  ache  postxore." 

Adrenals:   Increase  in  cholesterol  content  in  early  defic- 
iency, decrease  In  late  deficiency. 

Other  effects:  Reduction  of  cytoplasm  and  indistinctness 

(cont'd  next  page) 

Hypervltaminosls  doubtful 
If  calcium  content  of 
diet  Is  sufficient. 
Massive  doses  by  Injec- 
tion lead  to  sudden 
death. 

/l/  Deficiency  signs,  when  not  Irreversible,  may  be  aXlevlated  and  the  animal  restored  to  health  by  administration  of 
therapeutic  doses  of  the  vitamin.  /2/  Some  causes  of  deficiency  signs,  other  than  dietary  deficiency  of  the  vitamin, 
are:  aixy  factor  ln5)alring  digestion  or  absorption  of  fat,  as  inflamnation  of  Intestinal  mucosa,  sprue  (cf.  Folic  acid), 
or  chronic  diarrhea;  excessive  Ingestion  of  mineral  oil;  hyperthyroidism  (inhibits  conversion  of  provitamins  to  vitamin 
Ai).  /3/  Wide  margin  of  safety  between  amounts  reccomended  for  normal  Intake,  prophylaxis,  and  therapeutic  use. 
/k/  Simulation  of  deficiency  effects  makes  i^)  the  syndrcne  of  scurvy  which  may  vary  in  extent  emd  degree  with  extent  of 
deficiency. 
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89.     THE  VITAMINS,    THEIR  FUNCTIONS,   SIGNS  OF  DEFICIENCY  AND 
EXCESS:    MAN  AND  OTHER  VERTEBRATES  (Continued) 

Ascorbic  Acid  (Concluded) 

Functions 

Signs  of  Deficiency'- 

Jigns  of  Excess 

(A) 

tBl 

(C) 

JO 

lack  (Rat);  prevents  devel- 
opment of  deficiency  signs 
on  Vitamin  E  deficient 
diets  (Chick,  guinea  pig). 
Treatment  of  shock,  wounds, 
infections. 

of  cell  membrane,  Increased  respiration  rate  early  in  de- 
ficiency, decrease  in  late  stages;  lowering  of  teii5)era- 
ture  in  late  stages. 

BIOTIB 
(Anti-egg  white  factor;  vitamin  H;  coenzyme  R;  factor  S;  factor  H;  factor  X;  bios  IIC) 

Probably  required  by  most  or  all  vertebrates.  The  need  for  the  vitamin  may  be  met  under  normal  circumstances 
by  Intestinal  bacterial  synthesis.  Need  demonstrated  for  man,  calf,  dog,  monkey,  mouse,  rabbit,  rat,  chicken, 
turkey. 

Functions 

Signs  of  Deficiency^ 

Signs  of  Excess 

U) 

(B) 

(C) 

55 
50 

65 

A  fundamental  growth  factor 
for  all  vertebrates?  Be- 
lieved to  be  required  by 
all  rapidly  growing  tissues 

Involved  In  such  metabolic 
processes  as :  carboxylatlon 
and  decarboxylation  of 
Krebs  Cycle  acids;  deamina- 
tlon  of  aspartlc  acid, 
serine,  threonine;  synthe- 
sis of  citrulline;  synthe- 
sis of  unsaturated  fatty 
acids. 

Improves  lactation  (Rat). 

Skin:  Seborrheic  skin  pathology.  Scaly,  greasy  derma- 
titis (Dog,  monkey,  rat,  rabbit,  chicken)  followed  by 
extreme  hyperkeratosis  after  long  deficiency.  Scaly  der- 
matitis after  a  period  of  heavy  Intake  of  dried  egg  white 
has  been  demonstrated  in  volunteers  fed  200  grams  of  egg 
white  daily  (Man). 

Skin  appendages:  Spectacle  alopecia  (baldness  around  eyes: 
rodents);  alopecia  (loss  of  hair;  monkey)  may  be  ex- 
treme. 

Oral  tissues:  Atrophy  of  lingual  papillae  (Man). 

Neuromuscular:  Spasticity  (Rat);  paralysis  of  hind  quar- 
ters (Rat). 

Cardiac:  Precordial  distress;  electrocardiographic 
changes  (Man). 

Other:  Anorexia,  lassitude,  sleeplessness,  muscle  pain 
(Man). 

Sufficiently  detailed  and 
critical  studies  not  yet 
made. 

CHOLISE 
(No  single  ccmpound  analogous  to  choline  can  carry  out  all  of  the  functions  of  the  yltamin,  althou^  several 
compounds  can  replace  choline  In  one  or  more  of  its  functions.) 

Required  by  most  or  all  vertebrates,  especially  the  young  including  dog,  guinea  pig,  rat,  chicken,  turkey. 

Functions" 

Signs  of  Deficiency 

Signs  of  Excess 

(A) 

fB) 

(C) 

JO 

75 

Source  of  transferable 
(labile)  methyl  (CH3) 
groups  In  metabolism. 
Before  acting  as  methyl 
donor,  choline  is  enzy- 
matlcally  transformed  to 
betaine  which  transfers 
the  methyl  group.  May  be 
readily  replaced  as  a 
methyl  donor  by  betaine, 
dimethyl  thetlne,  or 

(cont'd  next  page) 

General:   Increased  mortality  (Chicken,  turkey). 

Liver:  Fatty  degeneration,  cirrhosis  (Dog,  rabbit,  rat); 
prolonged  prothrcmbln  and  brcmsulphaleln  times,  changes 
being  marked  In  animals  on  high  protein  diets  (Rat); 
liver  carcincma  from  chronic  deficiency  (Mouse,  rat, 
chicken). 

Blood  serxmi:  Increased  serum  phosphatase  (Rat). 

Kidney:  Enlargement,  hemorrhagic  congestion,  necrosis 
of  renal  tubule,  epithelium  and  glomeruli  (Rat);  granu- 
lar atrophy;  hypertension  in  consequence  of  early  kidney 
lesions,  decrease  In  alkaline  phosphatase  activity  and 
fat  deposition  (Rat). 

Nervous  systan:  Paralysis  (Young  rat), 
(cont'd  next  page) 

Hematopoiesis:  Inhibition 

of  erythrocyte  formation 

(Dog). 
Digestive  system:  Diarrhea 

(Man). 
Vascular:  Edema  of  legs 

(Man). 

/I/  Deficiency  signs,  when  not  Irreversible,  may  be  alleviated  and  the  animal  restored  to  health  by  administration  of 
therapeutic  doses  of  the  vitamin.  /5/  Spontaneous  deficiency  is  extremely  rare,  although  reported  for  the  chick.  Feed- 
ing of  raw  egg  white  (active  agent,  avldln)  is  necessary  to  produce  deficiency  signs  In  animals.  Avidin  and  blotin  form 
a  complex  in  the  intestine  which  renders  the  vitamin  unavailable  to  the  organisms.  /6/  The  following  therapeutic  uses  of 
choline  have  been  noted:  cure  of  fatty  liver  and  certain  forms  of  liver  cirrhosis  (dog,  rat);  prevention  of  perosia 
("slipped  tendon"  (chicken,  turkey)). 
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89.     THE  VITAMINS.    THEIR  FUNCTIONS,   SIGNS  OF  DEFICIENCY  AND 
EXCESS:    MAN  AND  OTHER  VERTEBRATES  (Continued) 

Choline  (Concluded) 

Functions 

Signs  of  Deficiency 

Signs  of  Excess 

(A) 

(B) 

^C) 

,80 
|85 
90 

methionine. 
JJonor  of  methyl  groups '  for 
synthesis  of  methionine 
(in  presence  of  homocyst- 
eine), purines,  etc. 

Reproduction;  Decreased  egg  production,  ovarian  abortion 

(Chicken,  turkey). 
Vascular:  intracranial  bleeding  in  young,  bom  of  choline 

deficient  females  (Rat). 

Synthesis  of  phospholipids, 
1.  e.,  lecithin.   Participa 
choline.  Essential  for  non 
for  lactation  (Hamster,  rat 
chicken).   A  direct  catalyt 
been  demonstrated. 

bes  in  creatine  formation  (Rat).  Precursor  of  acetyl-   ] 

oal  nutrition  and  egg  production  (Chicken).  Essential   1 

.  Necessary  for  normal  liver  function  (Dog,  mouse,  rat,  ! 

Lc  role  of  choline  in  intermediate  metabolism  has  not    1 

COBALAMU)^ 
(Vitamin  Bx2;  vitamin  8x2^;  vitamin  B  i2b;  cyanocotalamln;  bydroxycobalamin) 

Required  by  most  or  all  vertebrates  studied. 

Functions^ 

Signs  of  Deficiency-'- 

Signs  of  Excess 

(a) 

(b) 

(c) 

95 

General  growth  factor  (Man, 
mouse,  rat,  swine,  chick- 
en, turkey). 

Utilization  of  orally  ad- 
ministered cobalamln  is 
potentiated  by  gastric  Julc< 
necessary  for  the  utillzatl( 
reactions  (Rat,  chick).  Cct 

Hematopoietic  tissue:  Megaloblastic  bone  marrow  (Man). 
Blood:  Macrocytic,  hyperchrcmlc  anemia  (Man). 
Neural:  Degenerative  changes  In  the  spinal  cord. 
Oral  tissue:  Glossitis  (Man). 

Polycythemia  of  non-rumi- 
nant animals  has  been 
reported . 

;;  this  suggests  the  presence  of  an  "intrinsic"  factor    1 
m  of  cobalamln,  the  "extrinsic"  factor.  In  methylatlon  1 
obined  action  with  folic  acid  group.                  I 

VITAMni  D 
(Antl-rachltlc  factor;  calciferol;  vitamin  Dg;  7-deJiyrocholesterol,  vitamin  D3) 

Required  by  most  or  all  vertebrates  studied.   Under  the  influence  of  ultraviolet  light,  the  vitamin  may  be 
formed  from  ergosterol  (a  vegetable  sterol,  precursor  of  D2),  or  T-dehydrocholesterol  (an  animal  sterol,  pre- 
cursor of  D3). 

Functions 

Signs  of  Deficiency  ^'^° 

Signs  of  Excess^ 

UJ 

(b) 

(C) 

100 

105 

Essential  to  normal  develop- 
ment of  bone. 

Enhances  net  absorption  and 
retention  of  Ca  and  P;  re- 
duces excretion  of  P  in 
feces;  promotes  P  re- 
absorptlon  by  the  renal 

(cont'd  next  page) 

General:  Retardation  of  growth  (Man,  others). 

Bone:  Rickets.  Skeletal  abnormalities  and  deformities 
varying  with  degree  and  duration  of  deficiency  (Man,  rat, 
others).  Rapidly  growing  regions  are  most  affected,  e.g. 
Junction  of  epiphysis  and  dlaphysis,  long  bones;  areas  of 
proliferation,  flat  bones.  Irregular,  disordered  growth 
pattern,  deficient  calcification;  persistent  over-pro- 
liferation of  ccLFtllage;  persistent  irregular  calcifica- 
tion of  osteoid  matrix;  enlargement  of  ends  of  long 
bones;  softness,  weakness  of  bones,  and  deformation  by 
(cont'd  next  page) 

General:  Early  symptoms 
are  anorexia,  thirst, 
lassitude,  urinary  ur- 
gency with  or  without 
polyuria.  Later  symp- 
toms are  nausea,  vooiitlng, 
diarrhea,  abdominal  dis- 
comfort leading  to 
weight  loss  and  debility. 

(cont'd  next  page) 

/l/  Deficiency  signs,  when  not  irreversible,  may  be  alleviated  and  the  ^pliyal  restored  to  health  by  administration  of 
therapeutic  doses  of  the  vitamin.  /?/  Some  synthesis  of  CH3  occurs  in  the  metabolism  of  glycine,  alanine,  serine, 
histidine,  tryptophan.  /8/  Probably  identical  with  the  antl -pernicious  anemia  principle  of  liver.  /9/  The  following 
therapeutic  usee  of  cobalamln  have  been  noted:  Treatment  of  pernicious  anemia — the  vitamin  is  anti-anemic,  relieves 
the  lingual  manifestations  and  reverses  the  degenerative  changes  in  the  spinal  cord  unless  damage  Is  irreversible  (Man); 
treatment  of  sprue  (Man),  /lo/  Some  causes  of  deficiency  st^s,  other  than  dietary  deficiency  of  the  vitamin,  are:  any 
factor  impairing  digestion  or  absorption  of  fat,  as  inflammation  of  intestinal  mucosa,  sprue,  or  chronic  diarrhea; 
excessive  ingestion  of  minereJ.  oil;  relatively  greater  requirement  during  pregnancy  and  lactation.  /n/  The  amount  of 
dietary  vitamin  D  which  will  produce  sims  of  excess  varies  with  individuals  within  the  same  species,  and  at  different 
times  within  the  same  IndlvidusLl.  /l2/Skeletal  abnormalities  and  deformities  are  the  scars  and  residue  of  functional 
and  structural,  change  and  may  persist  long  after  the  deficiency  has  been  relieved.  Degree  of  restoration  may  be  exten- 
sive and  continue  over  long  periods. 
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89.     THE  VITAMINS,   THEIR  FUNCTIONS,   SIGNS  OF  DEFICIENCY  AND 
EXCESS:    MAN  AND  OTHER  VERTEBRATES  (Continued) 


vitamin  D  (Concluded) 


UO 


11= 


12C 


125 


lEL 


tubules . 
Maintains  aliallne  phospho- 

tase  at  the  bone  site. 
The  vitamin  Is  particularly 

effective  during  the 

period  of  rapid  skeletal 

grovth. 


Signs  of  Deficiencjr'- 


HI 


Blood:   Hypercalcemia, 

hyperphosphatonia . 
Mineral  Metabolism:   Depo 
sition  of  Ca  salts  in 
various  organs,  arteries 
and  arterioles;  meta- 
static calcification  may 
occur  without  hypercal- 
cemia in  the  dog. 
Bone:   Dense  calcification 
in  zone  of  provisional 
calcification  in  long 
bone  metaphyses  at  the 
expense   of  diaphyseal 
calcification,  in  Infants  and  growing  young  (Man). 
Renal:   Ca  deposits  vlth  resulting  Mdney  damage  and  renal  dysfunctionj  increased 

urinary  excretion  of  Ca  and  P. 
Other:  Continued  hypervitamlnosls  leads  to  death.  Since  vitamin  D  Is  stored, 
excessive  doses  may  be  cumulative.  Hypercalcemia,  hl^  urinary  Ca  and  renal 
damage  have  been  noted  eight  months  after  treatment  (125,000-unlt  doses  dally). 


stress  and  posturej  Increased  thickness  of  bone  shaft; 
osteooalacia:  decalcification,  fragility  of  non-growing 
bone. 

Teeth:   Faulty  calcification,  most  frequent  in  the  perma- 
nent dentition;  defects  difficult  to  dlBtinguish  from 
deficiencies  of  vitamins  A  and  C. 

Mineral  metabolism:   Hypocalcemia,  hypophosphatemia;  de- 
rangement of  Ca  and  P  deposition  in  bone  matrix  and 
teeth. 

Blood  plasma:   Increase  in  plaaaa  phosphatase. 

Muscle:  Myasthenia;  atony,  skeletal  and  gut  muscle. 

Neuromuscular:  Tet«wy,  convialslons,  spasmodic  closure  of 
glottis  (Man,  rat) . 


Signs  of  Excess 


EC 


(Alpha-,  beta-,  delta- 


VTTAMIN  E^ 
ganma-tocopherols;   anti -sterility  factor) 


Required  by  cattle,  dog,  guinea  pig,  hamster,  mink,  mouse,  rabbit,  rat,  swine,  chicken,  duck,  turkey, 
cance,  if  any.  In  human  nutrition,  has  not  yet  been  established. 


Slgolfi- 


.1^ 


L30 


L35 


LllO 


LU5 


3aE 


Biological  anti -oxidant; 
protects  unsaturated 
fatty  acldB,  vitamin  A 
against  peroxidation. 
PartlclpetcB  in  oxida- 
tion-reduction reactions. 


Signs  of  Deflclency^^ 


HE 


Signs  of  Excess 


-JcT 


Reproductive  organs:   Irreparable  degeneration  of  the  tes- 
ticular geminal  epithelium;  testicular  degeneration  with 
decrease  in  weight  of  testes  (Bull,  mouse,  rat,  chicken); 
uterine  necrosis,  seminal  vesicle  necrosis  (Rat) . 
Reproduction:  Resorptive  failure  of  pregnancy  after  death 
of  the  fetus,  in  severe  deficiency;  prolonged  gestation 
with  still -birth  or  death  postpartum  of  the  newborn.  In 
moderate  deficiency  (Rat).  Reproductive  failure  (Swine). 

Reduced  egg  hatchabillty,  death  of  the  embryo  (Chicken).  L 

Muscular:  Acute  muscle  degeneration  with  swelling,  hyaliniiation,  necrosis  of  striated  muscle  and  (in  scne 
j  species)  cardiac  muscle  (Dog,  guinea  pig,  hamster,  rabbit,  rat,  chicken,  duck).  Isolated  degeneration  of 
I   smooth  muscle  of  gizzard  (Turkey). 

'  Neural:   Acute  encephalomalacla,  degeneration  of  the  cerebellum,  nerve  cell  degeneration  (Chick). 
I  Neurcnuscular :   Ataxia,  tremors,  weakness,  opisthotonos  (retraction  of  head--chicken) .  Paralysis  (suckling 
I   rat,  bom  of  vitamin  E  deficient  mother). 
)  Urine:  Creatlnurla. 

I  Vascular:   Generalized  exudative  diathesis  (Chick). 
!  Liver:  Necrosis,  degeneration  (Mouse,  rat,  swine). 
Metabolic:   Increased  oxygen  uptake,  in  vitro,  of  muscle  tissue  from  vitamin  E  deficient  individuals 

(Hamster,  rabbit,  rat). 


/l/  Deficiency  signs,  when  not  irreversible,  may  be  alleviated  and  the  animal  restored  to  health  by  administration  of 
therapeutic  doses  of  the  vitamin.  /lO/  Some  causes  of  deficiency  signs,  other  than  dietary  deficiency  of  the  vltaadn, 
are:  any  factor  Impairing  digestion  or  absorption  of  fat,  as  Inflannation  of  intestinal  mucosa,  sprue,  or  chronic  diar- 
rhea; excessive  Ingestion  of  mineral  oil;  relatively  greater  requirement  during  pregnancy  and  lactation.  /15/  The  fol- 
lowing therapeutic  uses  for  vitamin  E  have  been  noted:  treatment  of  skin  collagenoses  (man);  protects  against  nutritional 
encephalcmalacia  (chlckJt  experimentally  protects  against  such  toxic  agents  as  carbon  tetrachloride,  chloroform,  alloxan; 
cures  and  prevents  the  muscle  lesions  which  develop  in  young  of  vitamin  E  deficient  mothers  (guinea  pig,  hamster,  rabbit, 
rat,  duckling)  and  of  older  rat  on  vitamin  E  deficient  diets. 
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89.     THE  VITAMINS,   THEIR  FUNCTIONS,   SIGNS  OF  DEFICIENCY  AND 
EXCESS:    MAN  AND  OTHER  VERTEBRATES  (Continued) 

FOLIC  ACID  CaOUP 

(Folacln;  pteroylglirtaiiilc  acid  (PGA);  follnlc  acid;  cltrovorum  factor;  vitamin  M;  vitamin  Be; 

vitamin  B^q;  factor  U;   L.  easel  factor;  Horlte  eluate  factor) 

Required  b7  most  or  all  vertebrates  studied,   except  ruminants  and  others  whose  need  is  satisfied  by  Intestinal 
bacterial  synthesis.       The  essentiality  of  the  vitamin  to  man,     dog,   guinea  pig,   fox,  mink,    sulfa-treated  lamb 
and  rat,   chicken,  duck,   goose,   turkey,   fish,   is  established. 

Functional* 

Signs  of  Deficiency^ 

Signs  of  Excess-'-^ 

U) 

(B) 

(c) 

L50 
1.55 
L60 

165 

An  essential  growth  and 
hematopoietic  factor 
(Monkey,    fox,   mink,    chick, 
on  purified  rations). 

Production  and  utilization 
of  formate. 

Methylatlon  reactions,   e.g., 
ethanolamlne  to  choline, 
homocysteine  to  methionine, 
nicotinamide  to  N-methyl- 

rlng  to  thymine. 

Introduction  of  the  2-  and 
8-carbon  atoms  Into  the 
piirine  ring  and  the  amldine 
carbon  into  hlstldlne. 

Tyrosine  oxidation. 

General:     Retardation  of  growth. 

Blood,  hematopoietic  tissues:     Sprue  (Man,  monkey); 

megaloblastic  bone  marrow  (Man,  r 'nkey,   others),  macro- 
cytic, hyperchrcodc  anemia  (Man,  monkey);  macrocytic 
anemia,  with  ultimate  anlsocytosls  (Chick,  turkey); 
Cytopenia  (Monkey,   chick);   leukocyte  abnormalities  (Mon- 
key,  rat,  chick);    Infarction  of  the  spleen  (Rat). 

Skin,   skin  appendages:     Poor  feather  structure  (Chicken, 
turkey);   abnormal  feather  pigmentation  (Chicken);   graying 
of  the  pelage  (Rat). 

Bone:     Perosls  ("slipped  tendon" — Chicken,   turkey) 

Reproduction:      Iii5)alred  reproduction  (Rat,  chicken);   lowered 
hatchablllty  of  eggs  (Chicken). 

Maianary  gland:      Impaired  lactation  (Rat). 

Development:     Bydrocephalus  (Rat). 

NeurcmuBcular:     Heck  paralysis  (Goose,  turkey). 

Intestinal:     Diarrhea  and  the  absorptive  difficulties 
associated  with  the  syndrome  of  sprue  (disorders  of 
calcium  metabolism;   liiq>aired  absorption  of  fat  and  of 
fat  soluble  and  water  soluble  vitamins). 

Relatively  non-toxic. 

Males  more  resistant  than 
females  (Mouse). 

Death  by  obstruction  of 
the  renal  tubules  with 
precipitated  folic  acid 
follows  IntcLke  of  toxic 
amounts. 

IHOSITOL  (MESO-) 
(Mouse  antl -alopecia  factor;  Bios  I) 

Required  by  mouse  and  possibly  cotton  rat  and  hamster. 

Functions 

Signs  of  Deficiency 

Signs  of  Excess 

(a) 

(B) 

(C) 

17C 

175 

Stimulates  growth  when  added 
to  rations  deficient  in 
thiamine  (Rat)  and  to 
rations  containing  sul- 
fonamides (Rat,   swine). 

Lipotropic  factor  essential  ir 
of  fatty  liver  (Rats).     Prev 
Suggested  essential  to  reprc 

Skin  and  skin  appendages:     Characteristic  alopecia  (loss  of 
hair — Mouse):   severe  dermatitis  following  alopecia 
(Mouse). 

Non-toxic,   as  far  as  known 

metabolism  of  fat  and  cholesterol.     Active,  with  choline.   In  preventing  seme  types 
ents  encephalcmalacla  and  exudative  diathesis  in  vitamin  E  deficiency  (Chicken), 
iductlon   (Hamster). 

PARA-AltraOHENZDIC  ACID  ("PABA") 
Beq\iired  by:     Nonet 

Functions 

Signs  of  Deficiency 

Signs  of  Excess 

(A) 

(B) 

(c) 

180 

The  vitamin-like  action  In 
vertebrates  can  probably 
be  entirely  explained  by 
the  action  of  folic  acid 
(q.v.)  of  which  it  is  a 
structural  ccB^>onent. 

/l/  Deficiency  signs,  when  not  irreversible,  may  be  alleviated  and  the  ftnlnwT.  restored  to  heaJ-th  by  adjalnlstration  cf  ther- 
apeutic doses  of  the  vitamin,  /ik/  The  folloving  therapeutic  uses  of  the  vitamin  have  been  noted:  Treatment  of  sprue  (man); 
nutritional  macrocytic  anemia;  certain  megaloblastic,  macrocytic  anonias  of  infancy  (man);  macrocytic  anemia  of  pregnancy 
(nan);  added  to  practical  rations  as  a  grovth  stimulation  factor  (mink).  Folic  acid  antagonists,  e.g.,  aminopterin,  used 
in  treatment  of  leukemia  and  certain  other  diseases  (man).  /15/  Intravenous  LD5o=^*^  i^g/*^  body  weight  (mouse);  5OO  mg/kg 
(rat);  1*10  mg/kg  (rabbit);  120  mg/kg  (guinea  pig). 
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89.     THE  VITAMINS,   THEIR  FUNCTIONS,   SIGNS  OF  DEFICIENCY  AND 
EXCESS:    MAN  AND  OTHER  VERTEBRATES  (Continued) 

VHAMIH  K 
(Antl -hemorrhagic  factor;  phylloqulnone)-'-" 

Required  by  man,  dog,  mouse,  rabbit,  rat,  canary,  chicken,  duck,  goose,  pigeon,  turkey.   In  mamnals,  bacterial 
synthesis  may  satisfy  the  need  In  whole  or  In  part,  and  demonstration  of  essentiality  depends  on  rigid  control 
of  bacterial  synthesis. 

Functlons^'^ 

Signs  of  Deficiency'-.  10. 18 

Signs  of  Excess 

(A) 

(B) 

(C) 

19c 

Essential  for  the  produc- 
tion of  prothrGnibin^9; 
(the  vitamin  Itself  does 
not  enter  Into  the  struc- 
ture of  the  prothrcohin 
molecule). 

Liver:  Decline  or  failure  of  prothrombin  synthesis. 

Blood:   Decrease  in  blood  prothrombin  content,  resulting 
in:  Increased  bleeding  tendency  after  even  slight 
trauma;  multiple  hemorrhages  throughout  all  tissues 
(Man,  chicken);  increased  clotting  time  (Man,  others). 

Gastrointestinal:  Vomit- 
ing (Man);  vomiting 
after  oral  dose  of  I80 
mg  of  menadione  ( syn- 
thetic vitamin)  (Dog). 

Urine:  Porphyrinuria 
(Man,  dog);  albuminuria 
(Dog). 

Blood:  Prolonged  clotting 
time  (Rabbit);  cyto- 
penla,  hemogloblnemla 
(Mouse). 

NIACIN  (-AMIDE) 
(Nicotinic  acid  (-amide);  pellagra  preventive  (P.P.)  factor;  antl-blacktongue  factor). 

Required  by  all  vertebrates  studied  except  calf,  horse,  sheep,  whose  need  Is  supplied  by  Intestinal  flora.  The  rat, 
chicken,  turkey  and  other  anijnals  are  able  to  synthesize  niacin  from  tryptophan.  Animal  tissues  contain  the  vitamin 
almost  exclusively  as  niacinamide;  plant  tissues  contain  it  mainly  in  the  form  of  niacin. 

Functions 

Signs  of  Deflcleney'-.^O 

Signs  of  ExcesB^-'^ 

(A) 

(B) 

(C) 

195 

205 

210 
215 

A  cdnponent  of  dl-  and 
triphosphopyrldine  nuc- 
leotides (DPN,  Coenzyme  I; 
TPN,  Coenzyme  II)  which 
function  as  hydrogen 
acceptors  in  more  than 
50  metabolic  reactions. 
DPS  catalyzes  the  conver- 
sion of  vitamin  Ai  to 
rhodopsin,  and  retlnene 
to  vitamin  A. 

Stimulates  gastric  secre- 
tion. 

The  vitamin  is  synergistic 
with  folic  acid. 

General :  Delayed  growth  and  development  of  young;  lowered 
oxidation  rate  in  some  tissues;  dermatitis,  diarrhea, 
and  dementia  ( the  triad  of  pellagra) . 

Epithelium:  Bilateral,  symmetrical  dermatitis,  aggravated 
by  sunlight,  heat.  Inflammation  (Man,  only);  rarefaction 
of  corium,  keratinlzation,  atrophy  of  sebaceous  glands, 
desquamation.  Swollen  gills  (Trout).  Poor  feathering 
(Chick). 

Digestive  tract:  Stomatitis  (Man,  dog,  fox,  swine, 
chicken,  turkey);  smooth  glossitis  (Man);  blacktongue 
(Dog,  cat,  chicken);  large  intestine— atrophy,  ulcera- 
tion, cyst  formation  (Man,  dog,  swine);  diarrhea  (Man, 
dog,  calf,  rabbit,  chicken,  duck,  turkey);  achlorhydrla 
(Man,  swine);  salivary  drooling  (Dog). 

Hematopoietic:  Macrocytic  anemia  (Mam,  dog,  rabbit, 
swine);  leukopenia  (Dog,  rabbit). 

Neural:  Degenerative  changes  (Man,  dog);  retrobulbar 
neuritis  (Man);  encephalopathy,  headache,  dizziness, 
depression,  delusions,  dementia;  locomotor  difficulties, 
tremors.  Jerky  movements,  rigidity;  altered  tendon  re- 
flexes, numbness,  paralysis  (Man). 

Bone:  Perosls  ("Slipped  tendon"-- Chick,  turkey  poult). 

General :   Death  follows 
very  large  doses;  dogs 
on  2  grams/day  die 
within  20  days;  2^  nia- 
cinamide in  diet  inhi- 
bits growth  (chick); 
li   causes  fatty  livers; 
large  doses  of  niacin 
cause  ketosls  (Rat). 

Epithelium:  Burning  and 
itching  of  skin;  eleva- 
tion of  skin  tempera- 
ture (Man). 

Vascular:  Peripheral 
vasodilation  (Man). 

Neural:  Paralysis  of  the 
respiratory  center 
(Rat). 

/l/  Deficiency  signs,  when  not  irreversible,  may  be  alleviated,  and  the  animal  restored  to  health  by  the  administration 
of  therapeutic  doses  of  the  vitamin.  /lO/  Sock  causes  of  deficiency  signs,  other  than  dietary  deficiency  of  the  vitamin, 
are:  any  factor  iiiq>airlng  digestion  or  absorption  of  fat,  as  inflaimatlon  of  intestinal  mucosa,  sprue,  or  chronic  diar- 
rhea; excessive  ingestioa  of  mineral  oil;  relatively  greater  requirement  during  pregnancy  and  lactation.  /I6/  A  number 
of  synthetic  products  having  a  qulnold  nucleus  have  vitamin  K  activity,  e.g.,  menadione  (2-methyl-l,U-naphthDquinone) . 
The  synthetics  tend  to  be  more  toxic  (In  excessive  amounts)  than  the  naturally  occurlng  vitamin.  /l7/  The  following 
therapeutic  uses  of  the  vitamin  have  been  noted:  stimulation  of  prothrombin  production;  reduction  of  prothrombin  clot- 
ting time.  Ineffective  in  treatment  of  hemorrhagic  diseases  not  due  to  prothrombin  deficiency,  e.g.,  hemophilia,  throm- 
bocytopenia. In  hypoprothromblnemia  of  the  newborn,  prevention  and  treatment  (man).  Counteracts  effects  of  dlcumarol 
(man,  others).  /I8/  Vitamin  K  deficiency  does  not  precipitate  bleeding;  the  abnormality  Is  failure  of  clotting  after 
bleeding  has  begun.  /l9/  The  prothrombin  stimulating  properties  of  vitamin  K  act  throu^  the  site  of  prothrombin  pro- 
duction (liver),  and  the  vitamin,  even  in  large  amounts,  is  ineffective  If  the  prothrombin  producing  tissues  are  damaged 
or  liq>alred.  /ZO/  The  syndroce  of  deficiency  symptoms  is  referred  to  as  "Pellagra"  in  man  and  "blacktongue"  in  dogs, 
cats,  and  other  animals.  /Sl/  Ratio,  therapeutic  dose:  toxic  dose  >  1:1000. 
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89.     THE  VITAMINS,   THEIR  FUNCTIONS,   SIGNS  OF  DEFICIENCY  AND 
EXCESS:    MAN  AND  OTHER  VERTEBRATES  (Continued) 


PAMTOTHENIC  ACID 
(Pantothen;  filtrate  factor;  chick  antl-dermatltis  factor;  chick  anti- 
pellagra  factor;  factor  II;  antl-chromotrlchia  factor;  anti-gray  hair  factor) 

Required  by  most  or  all  vertebrates  studied.  Including  calf,  dog,  fox,  guinea  pig,  hamster,  monkey,  mouse,  svlne, 
rat,  chicken,  duck,  pigeon,  turkey. 


Signs  of  Deficiency 


Signs  of  Excess' 


,23 


"TIT 


HE 


HZ 


325 


230 


535 


Grcwth  factor  for  the  ani- 
mals mentioned  above. 

As  a  component  of  Coenzyme 
A  functions  In:  enzymatic 
acetylation;  fat,  protein, 
carbohydrate  metabolism; 
phospholipid  and  steroid 
synthesis. 
r 


General:   Retarded  growth. 

Skin:  Specific  dermatitis  of  mouth  and  feet  (Chicken); 

eczematous  dermatitis  (Rat). 
Hair:  Achromotrlchla  (graying)  (Monkey,  dog,  fox,  rat, 

mouse);  spectacle  alopecia  (Rat). 
Tongue:   Ulceration  (Rat). 
Neural:   Myelin  degeneration  of  peripheral  nerves  (Chick); 

chromatolysls  of  dorsal  root  ganglion  cells  (Cblck, 

svlne 


100  grams  may  be  given  to 
man  intravenously  with- 
out ill  effects. 


Neuromuscular:  Spastic  abnonDalities  of  hind  quarters,  abnormal  gait,  ataxia  (Dog,  mouse,  svlne);  convxii- 

slons  (Dog). 
Endocrine  glands:  Hemorrhagic  necrosis  of  adrenals. 

Exocrine  glands:  Secretion  of  red  pigment  by  the  Harderian  gland  ("bloody  pigment" — Rat). 
Gastrointestinal:  Diarrhea  with  bloody  stools  (Dog);  anorexia,  diarrhea,  colitis  (Monkey,  svlne);  necrosis 

of  intestinal  epithelium,  abscesses  folloved  by  ulceration  (Rat). 
Hematopoiesls:  Anemia  (Dog,  rat,  monkey,  svlne). 
Kidney:   Necrosis  (Rat). 

Liver:  Increased  deposition  of  fat  (Dog,  chick). 
Other:  Burning  sensations  of  hands,  feet  (Man);  collapse  associated  vlth  decreased  blood  glucose  and  blood 

chloride;  Increased  non-protein  nitrogen  in  severe  deficiency  (Dog);  death  in  severe  deficiency. 


PYPIDOXINE  (VITAMIN  B5)  GROUP^^ 
(Pyrldoxal,  pyrldoxamlne,  pyridoxine;  antl-acrodynla  factor;  factor  Y) 

Required  by  most  or  all  vertebrates  studied,  including  man;  synthesized  by  intestinal  organisms  In  rat.  Require- 
ment by  animals  Is  increased  with  increased  dietary  protein,  methionine,  linseed  oil,  sucrose,  and  apparently  de- 
creased with  Increased  dietary  essential  fatty  acids,  choline,  biotln,  pantothenic  acid,  aureoaqycin.  The  vitamin 
occurs  Icurgely  as  pyrldoxal  in  emlmal  products  and  as  pyrldoxamlne  in  plant  products. 


Functions^ 


JEL 


Signs  of  Deficiency 


Tir 


Signs  of  Excess' 


26 


EL 


2i*0 


?ll5 


?50 


Growth  factor  (Man,  monkey, 
rat,  chicken,  duck, 
turkey ) . 

Functions  biocheanlcally, 
in  the  form  of  pyrldoxal 
phosphate,  as  coenzyme  for 
transaminase  and  codecar- 
boxylase  systems,  kynurl- 
nase,  cystathionase,  serine 
and  threonine  dehydrase, 
cysteine  desulfhydrase, 
and  racemizing  enzymes; 
In  deamlnatlon  of  amino 
acids  and  the  formation 
of  urea  nitrogen;  In  con- 
version of  tryptophan  to 
niacin;  In  metabolism  of 
(cont'd  next  page) 


Convulsions  2k   hr  after 

LD50  "lose  (Rat). 
Daily  feeding  of  10  mg/kg 

body  wei^t  for  3  months 

had  no  effect  (Monkey, 

dog,  rat). 


General:  Retarded  growth  (Man:  infant,  monkey,  rat, 
chick);  appetite  and  weight  loss,  reduced  egg  produc- 
tion, death  (Chicken). 

Cardlo-vascxilar:  Hypochromic  anemia  (Man:  infant);  poly- 
morphonuclear leukocytosis,  lymphopenia  (Man);  hypo- 
chromic, microcytic  anemia  with  anlsocytosis  and  irregu- 
lar retlculocytosls  (Dog,  swine,  monkey,  duck,  chicken); 
polkilocytosis  (Cattle);  dilatation,  hypertrophy  of 
right  auricle  and  ventricle;  Increased  plasma  urea  and  NFN;  tachycardia  and 
cardiac  embarrassment  (Rat);  mucus  accumulation  in  thorax  (Dog);  Impaired 
antibody  production  (Rat). 

Neural:  Degeneration  in  myelin  sheaths  of  peripheral  nerves  and  spinal  cord 
(Dog,  swine);  convulsions,  epileptiform  fits  (Rat,  swine,  chicken);  ataxia 
(Swine);  convulsions  (Man:  Infant);  weakness,  nervousness,  irritability, 
insomnia  (Man)  '. 

Epithelium:  Seborrhea-llke  lesions  about  eyes,  nose,  mouth;  cheilosis,  glos- 
sitis, stomatitis  (Man^*^);  denudation  of  hair  from  paws,  snout,  eartlps, 
(cont'd  next  page) 


/22/  Possibly  required  for  prevention  of  "burning  feet"  syndrome  (Man). /23/  LD50  mouse:  orally,  10  g;  subcutaneou s ly 
2.7  g;  intraperitoneaily  0.9  g  .  LD^q  rat:  subcutaneously  3''*  gAg  body  weight.  /2k/  In  animals  the  three  forms  (pyri- 
doxine, -al,  -amine)  are  equally  active  when  given  by  injection,  but  pyridoxine  is  the  most  active  when  administered 
orally.  /25/  In  addition  to  its  use  in  the  treatment  or  prevention  of  pyridoxlne-deflciency  symptoms,  the  following 
therapeutic  uses  of  the  vitamin  have  been  noted:  treatment  of  muscular  dystrophies  associated  with  pellsigra  (Man); 
hyperemesis  gravidarum  (nausea  of  pregnancy);  seborrheic  dermatitis  sicca  (Man).  /26/  ll>^0  rat:  subcutaneously  3  g/k€ 
body  weight;  orally  k   g/kg.   /27/  Eight  volunteers:   deficiency  signs  produced  by  ingestion  of  desoxypyridoxine. 
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89.     THE  VITAMINS,   THEIR  FUNCTIONS,  SIGNS  OF  DEFICIENCY  AND 

EXCESS: 

MAN  AND  OTHER  VERTEBRATES  (C 

ontinued)  pi 62 

PYFIDOXINE  (VITAMIN  Bg)  OTOUP  (Concluded) 

Fxinctlons 

signs  of  Deficiency 

Signs  of  Excess 

(A) 

(B) 

(01 

fatty  acids. 

thickening  of  ears  (Rat);  dermatitis,  bald  patches 

255 

Seems  to  be  necessary  for 

(Monkey) . 

normal  adrenal -cortical 

Urine:   Increased  urea,  anmonla,  uric  acid,  creatinine 

function. 

(Dog);  tryptophan  metabolites  in  urine  (Dog,  hamster, 

mouse,  rat);  large  amounts  of  xanthurenic  acid  (Man). 

Other:  Anorexia,  unthriftiness  (Cattle);  loss  of  weight. 

?6c 

appetite,  decreased  egg  production,  death  (Chicken). 

RIBOFLAVIHE 

(vitamin  Bg,  or  G;  lactoflavln,  ovoflavin,  hepatof lavln) 

Required  by  most  or  all  vertel 

rates  studied. 

Functions 

Signs  of  Deflciency'-'^S 

Signs  of  Excess 

(A) 

(B) 

(C) 

As  rlboflavlne-5-phos- 

General:  Cessation  or  retardation  of  growth  (Rat,  others). 

5,000  times  the  thera- 

phate a  component  of  a 

Epithelium:  Epidermal  atrophy,  dermatitis,  greasy  scaling 

peutic  dose  is  tole- 

number of  flavoproteln 

especially  of  naso-lablal  folds,  cheeks,  chin  (Man); 

rated  (Rat,  mouse). 

enzymes,  e.g.,  "Warburg's 

cheilosis,  angular  stomatitis,  lesions  of  lip  and  mouth 

Kidney:  Toxic  amounts 

=65 

yellow  enzyme,"  cytochrcme- 

comers  (Man). 

Intraperi  toneally 

c-reductase,  rlboflavlne- 

Neural:  Hyelin  degeneration  of  nerves  (Dog,  mouse,  rat. 

cause  anuria,  renal 

adenlne -nucleotide . 

swine,  chicken);  central  neuritis  (Man);  lack  of  coor- 

concretions (Rat). 

As  prosthetic  group  for 

dination,  faulty  grasp  reflex  (Monkey);  curled  toe 

Neural:  Paresthesia, 

various  proteins  func- 

paralysis (Chicken);  partial  paralysis  of  legs  (Rat). 

itching  (Man). 

rrc 

tioning  as  enzyme  hydro- 

Muscular: Muscle  weakness  (Dog,  monkey). 

Other:  Nausea. 

gen  carriers,  e.g.,  D- 

Gastrointestinal:  Diarrhea,  vomiting  (Dog). 

amlno  acid  oxidase,  xan- 

Eye; Mild  photophobia,  dimness  of  vision  and  decline  of 

thine  oxidase,  succinic 

visual  acuity;  itching  and  burning  sensations  of  the 

dehydrogenase . 

eyes;  soreness  of  eyes  and  lids  (Man);  comea--cloudlness, 

i75 

Role  In  the  visual  mech- 

vascularization, cataract,  opacity,  ulceration  (Man, 

anism  of  the  retina  (q.v.). 

dog,  rat). 

Acts  closely  with  thiamine 

Einbryologlcal:  Congenital  skeletal  malformations  in 

and  niacin  which,  like  it. 

offspring  of  rlboflavine-deficient  females  (Rat). 

are  components  of  Impor- 

Intermediate metabolism:  Profound  disturbance  of  energy 

?H0 

tant  enzyme  systems  (q.v.). 

transfer  and  release. 

THIAMINE 

(vitamin  S^.'   anti-neuritic  factor;  aneurln) 

Required  by  most  or  all  vertel 

jrates  studied,  except  ruminants  whose  need  is  satisfied  by  rumlnal  synthesis . 

Functions 

Signs  of  Deficiency'-'29 

Signs  of  Excess 

(a) 

(B) 

(C) 

Essential  for  normal  growth. 

General:  Retardation  of  growth;  anorexia  (Man,  others). 

Vascular:  Hypotension 

development  and  maintenance 

Nexiral:  Degeneration  of  nexirons,  particularly  of  the 

(Man,  dog,  rabbit). 

of  health 

vestibular  group  (Man,  others).  No  peripheral  nerve 

Essential  for  normal  appe- 

degeneration (Mammals). 

W 

tite,  digestion,  gas- 

Polyneuropathies: Convulsions,  hyperesthesia,  anesthesia 

trointestinal  tonus. 

(Man,  others);  opisthotonos  (backward  retraction  of 

Essential  in  the  normal 

head--plgeon,  chicken,  turkey);  neurasthenia  of  nutri- 

activity of  nerve  tissue. 

tional  origin  (Man) . 

Essential  in  carbohydrate 

Cardiac:  Dilatation  of  the  heart,  myocardial  lesions  (Dog, 

>9C 

metabolism. 

fox,  rat,  swine);  bradycardia  (Monkey,  cat,  dog,  rat, 

As  the  pyrophosphate  ester. 

swine) . 
Vascular:   Edema  (Dog,  fox,  rat,  swine). 

(cont'd  next  page) 

(cont'd  next  page) 

/l/  Deficiency  eigne,  when  not  Irreversible,  may  be  alleviated  and  the  animal  restored  to  health  by  administration  of 
therapeutic  doses  of  the  vitamin.  /26/  Requirement  Is  Increased  In  pregnancy  and  lactation.  /29/  For  man,  the  diverse 
symptcns  arc  grouped  under  the  syndrooe  of  beri-berl,  sometimes  subdivided  into  "cardiac"  berl-berl,  "wet"  berl-beri, 
"dry"   (neurltlc,  paraplegic)  beri-berl.     Requirement  for  thiamine  is  increased  by  thryoxln  and  ioBulin. 
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89.     THE  VITAMINS,   THEIR  FUNCTIONS,   SIGNS  OF  DEFICIENCY  AND 

EXCESS: 

MAN  AND  OTHER  VERTEBRATES  (C 

oncluded) 

THIAKTBE   (Concluded) 

Functions 

Signs  of  Deficiency^ 

Signs  of  Excess 

(A) 

(B) 

Ic) 

thiamine  Is  cocarboxylaee 

Gastrointestinal:     Atony,   spastic  colon,  dysphagia  (Man). 

and  aE  euch  participates 

Intermediate  metabolism:     Accumulation  of  pyruvic  acid  in 

^95 

In  the  decarboxylations. 

blood  and  tissues.     Decrease  in  urinary  citric  acid 

oxidations,  dlsmutatlons, 

excretion  (Rat). 

and  oondensations  which 

in  metabolism  lead  to  COp 
formation . 

ESSEHTIAL  UHSAmRATED  FATTY  ACIDS 

(Arachldonlc  acid,   linoleic  acid,   Unnlenic  acid) 

Bequlred  by  ratj  protably  othe 

rs.     Ordinarily  not  regarded  as  a  vitamin. 

Functions  30 

Signs  of  Deficiency 

Signs  of  KxcesB 

(A) 

(B) 

(c) 

30C 

Arachldonlc,   linoleic  and 

General:     Retardation  or  cessation  of  grovth  (Rat);  ele- 

Changes from  normal  in 

llnolenlc  acids  are  essen- 

vated metabolic  rate  with  diminished  growth  rate  (Rat). 

coo^oBltion  of  stored 

tial  to  grovth  and  repro- 
duction (Rat). 

Skin:     Scaling  of  epidermis  on  feet  and  tall  (Rat); 

fat. 

eczema  (Man). 

Serve  as  building  units  of 

Hair:     Alopecia  (Rat). 

305 

the  phospholipids. 

Reproduction:     Delay  of  sexual  development,  disturbances 

Catalyze  the  oxidation  of 

of  ovulation;  resorption  of  the  fetus;  difficult  par- 

saturated fatty  acids  In 

turition  (Rat);   sterility  (Rat,  mouse,   dog);   loss  of 

vitro. 

Bex   Interest   (Rat). 

Exercise  a  protective  action 

Kidney:      Lesions  of  the  kidney  and  urinary  tract  (Rat). 

3U 

in  lyrldoxlne  deficiency 

Blood:      Low  iodine  number  in  serum  fatty  aclde. 

(Rat). 

Other:      Increased  water  intake  (Rat). 

/30/  The  following     therapeutic  uses  of  the  compounds  have  been  noted:       Cures  the  characteristic  skin  lesions  associated 
with  unsaturated  fatty  acid  deficiency;   used  in  treatment  of  certain  eczenatous  akin  conlltionB   (Man). 
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90 

.   -NUTRIENT  DEFICIENCY  EFFECTS  ON 

REPRODUCTION:    MAMMALS 

Majority  of  studies  based  on  findings  In  the  rat. 

\               Effect 
Deficiency  State       \ 

mie 

Female                                                                        | 

Non-pregnant  or  Virgin 

Pregnant  Mother  and  Fetus                        | 

CO   u 

«   -H 

r 

u 

o 

1 
SI 

g 

•J 

5 

Estrous  or 

Menstrual 

Cycle 

1 
s 

(0 

e 

s 

1 
& 

.-1 

ffi   a> 

H    3 

a)  V 

1 

al 

1 

a 
o 

§ 
•3, 

g 

t 

§^ 

-.  o 
Id  o 

5 

1 

o 

£• 

> 

■a 
«j 

t4 
*i 

■H 

o 

a 

+* 

3 

> 

g 

o 

c 
t< 

o  u 

^    O 

S^ 

S3 
-♦-» 

to 

■a 

*-> 

U 

9 

c 
o 

■H 

O    B 
O    O 

4)  -^ 

"t 

rH     O 

£ 

H 

C 
O 

5 

V 

u 
u 

M 

4-> 

ta 

St 
« 

(A)                             1 

(B) 

(c) 

(D) 

fE) 

(F) 

(G) 

(H) 

(I) 

(J) 

(K) 

(L) 

(M) 

(N) 

(0) 

(p| 

(■il 

: 

Inanition! »^ 

+ 

+ 

+ 

-♦ 

+ 

+ 

+ 

+ 

+ 

+ 

> 

£ 

Protein^.? 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

3 

"Essential"   fatty  aclds^.- 

'           + 

+ 

+ 

+ 

+ 

+ 

It 

Vltaailn  A 

+ 

+ 

+ 

+ 

+ 

+ 

-t- 

+ 

+ 

+ 

+ 

Blotln 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

i 

Cobalanin^ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

1 

Vitamin  I? 

Folic  acid  group5>° 

+ 

+ 

+ 

+ 

+ 

8 

+ 

+ 

+ 

+ 

+ 

9 

Vitamin  K 

+ 

+ 

+ 

LO 

Pantothenic  acld^)' 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

U 

Pyridoxlne  gro>^5>9 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+'* 

+ 

IJ 

Rlboflavlne 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

13 

Thiamine^ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

lU 

Calcium 

+ 

+ 

+ 

15 

Copper 

+ 

l6 

Iodine 

+10 

+ 

n 

Manganese 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

l8 

Phosphorus 

+ 

+ 

+ 

+ 

L9 

Potassium 

+ 

+ 

+ 

=c 

Sodium 

+ 

+ 

+ 

n 

Arglnineli 

4 

+ 

>2 

Histidlne 

+12 

?3 

Phenylalanine 

+15 

+ 

?lv 

Tryptophan 

+ 

+ 

+ 

+ 

/l/  Defined  differently  by  every  investigator.  Both  qualitative  (dietary  essentials)  and  quantitative  (calories)  deficien- 
cies are  present  in  the  majority  of  studies.  /2/  Deficiency  probably  acts  via  diminished  secretion  of  pituitary  gonadotro- 
pins and  the  resultant  hyixjfunctlon  of  the  gonads.  The  capacity  of  the  gonads  and  the  accessory  reproductive  organs  to  re- 
spond to  hormonal  stimuli  Is  apparently  unimpaired,  /3/  Effects  of  a  deficiency  in  this  nutrient  are  observed  even  when  the 
total  caloric  intake  is  maintained  unchanged.  /k/  Pregnancy  can  be  maintained  by  estrone  and  progesterone.  /^/  Linoleic, 
llnolenlc,  arachldonic  acids.  /6/  A  generic  term  Including  cyanocobalamln  (vitamin  B-j^p^  ^^"^  ^^^  hydrogenatlon  product 
(kzuvn  variously  as  Bj^ga  °'"  ^2b^  which  has  approximately  the  same  biological  activity,  ff/  Effect  attributed  to  failure  of 
fetal  mesodermal  derivatives  especially  those  concerned  with  hematopolesis,  and  to  abnonDalities  of  the  vascular  system.  /8/ 
Folic  acid  is  not  a  chemical  entity,  but  a  generic  term  for  pteroylglutamic  acid  (folacln),  vitamin  M,  vitamin  B^,,  factor  U, 
L.  easel  factor,  Norlte  eluate  factor,  /9/  Includes  pyridoxlne,  pyrldoxal,  pyrldoxamine.  /lO/  Thyroid  insufficiency?  /ll/ 
Arginlne  major  structural  component  of  nucleoproteins  of  sperm  head.  /12/  Also  true  for  leucine,  /13/  Also  true  for  methio- 
nine and  threonine. 
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91.     FUNCTIONS  OF  ESSENTIAL  ELEMENTS:     HIGHER  PLANTS 


Element 


Occurrence  in  Plant^ 


Functions 


(A) 


(B) 


(C) 


Cytoplasmic  membranes? 


Boron 


Inverse  relationship  between  boron  level  and  water  perme- 
ability of  membranes  and  moisture  content  of  tissues. 
The  element  is  necessary  for: 

(a)  Cell  division  and  differentiation. 

(b)  Translocation  of  sucrose  and  possibly  other  sugars. 


Calcium 


Calcium  pectate 

Salts  of  organic  acids 


Calcium  pectate  may  be  a  constituent  of  the  middle  lamella. 2 
Calcium  precipitates  organic  acids. 


10 


Carbon 


All  organic  compounds^ 
Bicarbonate  ion 


Carbon  is  the  key  element  in  all  organic  molecular 

structures . 
The  ion  is  involved  in  anion  absorption  or  exchange. 


Copper 


Tyrosinase 

Ascorbic  acid  oxidase 
Laccase^ 


Tyrosinase  is  a  polyphenoloxidase  involved  in  reduction  of 
molecular  oxygen  (terminal  step  In  aerobic  respiration). 
The  oxidase  may  be  concerned  in  respiratory  oxidation. 


15 


20 


25 


30 


Hydrogen 


All  organic  compounds 

occurring  in  plants^ 
Bicarbonate  ion 


The  element  is  a  component  of  these  compounds. 

The  ion  is  involved  in  anion  absorption  or  exchange. 


Iron 


Peroxidase 

Cytochrome  oxidase 
Catalase 


Peroxidase  breaks  down  peroxides  and  transfers  active 

oxygen  to  oxldizable  substances . 
The  oxidase  plays  a  role  in  reduction  of  molecular  oxygen. 
Catalase  effects  the  release  of  molecular  oxygen  from 

hydrogen  peroxide. 


Magnesium 


Chlorophyll 
Co- carboxylase 

Enolase 

Hexoklnase 
Magnesium  pectate 


Chlorophyll  is  essential  for  photosynthesis. 
Co- carboxylase  is  the  co-enzyme  for  the 

function  of  carboxylases. 
Enolase  is  necessary  in  glycolysis  (from  2-phosphoglyceric 

acid  to  2-pho'sphopyruvic  acid). 
Hexoklnase  brings  about  transphosphorylation  of  glucose. 5 
Magnesium  pectate  may  be  a  constituent  of  the  middle 

lEunella.2 


Manganese 


Arginaset 
Unidentified  enzyme 

Unidentified  enzyme 


Arginase  converts  arginine  to  urea. 

The  enzyme  brings  about  catabollsm  of  oxaloacetic  acid  into 

pyruvic  acid  and  carbon  dioxide  in  respiration. 
The  enzyme  is  apparently  required  in  ascorbic  acid  synthesis. 


35 


1*0 


1*5 


Molybdenum 


Unidentified  enzyme? 


The  element  appears  to  effect  the  reduction  of  nitrate  to 
ammonia. 5 


Nitrogen 


Proteins 

Chlorophyll 

Many  organic  con^jounds 


The  element  is  a  component  of  proteins,  the  chief  organic 

constituents  of  protoplasm. 
Chlorophyll  is  essential  for  photosynthesis. 
The  element  is  important  in  the  assimilation  of  sugars. 


Oxygen 


Most  organic  compounds^ 


Bicarbonate  ion 


The  element  is  a  component  of  these  coiqx>unds. 

The  element  is  the  final  receptor  of  hydrogen  in  aerobic 

respiration. 
The  ion  is  involved  in  anion  absorption  or  exchange. 


/l/  The  element  occurs  in,  or  in  association  with,  the  compound  or  structure  listed.  The  list  is  not 
exhaustive.   /2/  The  middle  lamella  is  an  intercellular  layer  flanked  on  each  side  by  the  primary 
cell  walls.   /3/  These  compounds  include  carbohydrates,  fats,  proteins,  vitamins,  hormones,  and 
chlorophyll.  /A/  The  enzyme  is  of  limited  distribution,  and  its  function  is  unknown.   /5/  Nature 
of  relationship  undetermined. 
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91.  FUNCTIONS  OF  ESSENTIAL  ELEMENTS: 
HIGHER  PLANTS  (Concluded) 

Element 

Occurrence  in  Plant"'- 

Functions 

(A) 

(B) 

(c) 

50 

55 

60 

Phosphorus 

Phospholipids^ 
Nucleoprotein 

Adenosine  di-  and  tri- 
phosphates 

Di-  and  triphosphopyri- 
dine  nucleotide 

Phospholipids  are  a  constituent  of  cytoplasmic  membranes . 

Nucleoprotein  is  a  constituent  of  the  nucleus  and  the 
chromosomes. 

These  coenzymes  are  required  for  phosphorylation  reactions, 
glycolysis  and  synthesis  of  sucrose,  starch,  and  proteins. 

These  coenzymes  accept  and/or  donate  hydrogen  in  oxidation- 
reduction  reactions. 

Potassium 

The  element  may  be  involved  In  action  of  fructokinase  and 
other  enzyme  systems . 

The  element  facilitates  carbohydrate  synthesis  and  translo- 
cation of  carbohydrates. 

Sulfur 

Cystine  and  cysteine 
Glutathione 

Mustard  oil  glycosides 

These  compounds  are  present  in  all  plant  proteins . 

Glutathione  may  function  as  a  hydrogen  carrier  in  respira- 
tion. 

Glycosides  may  tie  up  reserve  food  substances  which  would 
otherwise  be  toxic  to  cells. 

Zinc 

Unidentified  enzyme 

The  enzyme  is  directly  necessary  for  synthesis  of  tryptophan, 
the  precursor  of  indoleacetic  acid. 

/l/  The  element  occurs  in,  or  in  association  with,  the  compound  or  structure  listed.   The  list  is  not  ex- 
haustive. /6/  For  exangjle,  lecithin. 
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92.     SIGNS  OF  CHEMICAL  ELEMENT  DEFICIENCY  AND 
EXCESS:    HIGHER  PLANTS 


Nutrient 


Deficiency  SynrptomB 


Toxicity  Symprta 


HL 


HE 


m: 


Boron 


Terminal  leaves  chlorotic,  shed  prematurely;  inter- 
nodes  of  terminal  shoots  shortened,  usually  reset- 
ting; apical  meristems  blacken  and  die,  general 
breakdovn  of  meristematlc  tissue;  root  branches 
short,  stubby.  Plant  dwarfed  and  stunted.   Flover 
development  auod  seed  production  usually  inquired. 


Marginal  necrosis  in  lower  leaves,  remainder  of 
leaves  dark  green;  death  of  most  plants  if  present 
in  considerable  concentration. 


Calcium 


Leaves  chlorotic,  ro]J.ed  and  curled;  breakdown  of 
meristematlc  tissues  in  stenis  and  roots,  in  acute 
cases  death;  roots  poorly  developed,  lack  fiber, 
may  appear  gelatinous.  Symptcins  appear  near  grow- 
ing points  of  stems  and  roots.  Little  or  no  frxiit- 
Ing. 


Chlorosis  similar  to  iron  or  manganese  deficiency.^ 
Zinc  and  boron  deficiency  may  be  induced  when  soil 
reaction,  e.  g.  pH,  Is  altered. 


Copper 


Wilting  of  terminal  shoots,  often  followed  l^  death; 
leaf  color  often  faded;  carotene  formation  and  pig- 
mentation reduced. 


Chlorosis  similar  to  iron  deficiency;  followed  by 
necrosis,  permanent  wilting  of  upper  leaves;  leaves 
may  become  wrinkled  and  necrotic  at  margins;  fibrous 
roots  stubby,  poorly  developed;  brownish  at  tips; 
reduced  growth;  extreme  cases  death. 


Intervelnal  white  chlorosis,  appearing  first  on 
young  leaves,  tendency  for  chlorosis  of  all  aerial 
parts,  often  becooLlng  necrotic;  in  sane  cases  leaves 
may  be  completely  bleached,  margins  and  tips 
scorched.  Usually  hats  an  overall  effect. 


Same  as  phosphorus  or  manganese  deficiency. 


Magnesium 


Mottled  chlorosis  with  veins  green  aod  leaf  web 
tissue  yellow  or  ^rtilte,  appearing  first  on  old 
leaves;  severely  affected  leaves  may  wilt  and  shed, 
or  may  absciss  without  the  wilting  stage;  brlttle- 
ness  of  leaves  common,  necrosis  often  occurs. 


Sane  as  calcium  deficiency. 


Manganese 


Mottled  chlorosis  with  veins  green  and  leaf  web  tis- 
sue yellower  white,  appearing  first  on  young  leaves, 
may  spread  to  old  leaves;  stems  yellowish  green, 
often  hard  and  woody.  Carotene  development  reduced. 


Leaves  pale,  necrotic,  bronzing  at  margins;  similar 
to  iron  deficiency.  With  potato,  small  black  spots 
on  stem. 


Molybdenum 


Leaves  have  light  yellow  chlorosis;  leaf  blade  may 
fall  to  expand. 


Lower  leaves  yellow  with  brown  necrotic  areas;  in 
severe  cases,  upper  leaves  may  be  stunted,  chlorotic 
and  absciss. 


Hltrogen 


In  young  plants  stunted  growth  and  yellowish  green 
leaves;  older  leaves  light  green,  followed  by  yel- 
lowing and  drying  or  shedding,  often  abundant 
anthocyanins  In  veins;  shoots  short,  thin,  growth 
upright  and  spindly;  blossoming  reduced;  with  apple 
and  peach,  fruit  highly  colored,  develops  slowly, 
small  vhen   mature.   Usually  has  an  overall  effect. 


Leaves  dark  green,  excessive  vegetative  growth;  high 
transpiration;  reduced  yield  of  seed  and  fruit  crops 
may  secure  satisfactory  yield  of  leafy  vegetables  but 
reduced  quality  (lack  succulence). 


Phosphorus 


Leaves  pale  green^,  often  anthocyanins  (usxisJly  pur- 
ple) In  veins,  may  beccme  necrotic;  with  potato, 
meristematlc  growth  ceases;  fruits  ripen  slowly; 
plants  often  dwarfed  at  maturity. 


Same  as  Iron  deficiency.  May  induce  zinc  deficiency 


LC 


Leaves  usually  dark  blue  green  (sometimes  bronzed) 
with  marginal  chlorosis  and   necrosis,  appearing 
first  on  old  leaves;  usually  wrinkled,  corrugated 
or  crinkled  between  veins. 


Leaves  yellowish  green;  reduced  growth;  tendency 
toward  calcium  and  magnesium  deficiency. 


U 


Leaves  light  green  to  yellow,  appearing  first  along 
veins  of  young  leaves;  stems  often  slender. 


No  evidence  except  as  acidity  of  root  medium  is  in- 
fluenced. 


LS 


Leaves  chlorotic  and  necrotic,  appearing  first  on 
young  growth,  resetting,  premature  shedding, 
whitish  chlorotic  streaks  between  veins  in  older 
leaves  and  irtiltening  of  upper  leaves  in  mono- 
cotyledons, chlorosis  of  lower  leaves  in  dicoty- 
ledons .  5 


Leaves  yellow  frcm  zinc  Induced  iron  chlorosis. 


/l/  Chlorosis  due  to  the  physiological  unavailability  of  Iron  and  manganese  or  reduced  potassium.  /2/  With  potato  and 
certain  other  vegetables,  leaves  dark  green.  /?/  Young  plants  showing  deficiency  symptoms  often  lose  symptoms  when 
roots  penetrate  the  subsoil. 
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94.     CORRELATION  BETWEEN  SOIL  pH  AND  SIGNS  OF 
CHEMICAL  ELEMENT  DEFICIENCY 

Data  represent  soil  type  and  pH  ranges  in  which  deficiencies  of  various  elements  liiost  ccnnonly  occur. 

Element 

Factors  Promoting  Deficiencies 

Organisms  Serving  as 
Deficiency  Indicators^ 

Soil  pH        1 

Soil  Type  and  Other 
Characteristics 

Range 

Significance  ■'■ 

(A) 

(B) 

CO 

(D) 

(E) 

55 

AlujainunP 

5.5-8.0 

High 

Hydrangea 

Boron 

5.0-8.0 

Medium  to  low 

Calcareous  soils  with  high  calcium- 
boron  ratio,  frequently  on  leached 
acid  sandy  soils  low  in  organic 
matter,  particularly  under  inten- 
sive cropping. 

Apple;  beet;  cauliflower,  kale, 
turnip;  celery,  legumes;  tobacco. 

Calcium 

<l*.5'*'^ 

High 

Light  sandy  soils;  highly  acid 
soils 

Alfalfa,  beet,  celery,  clovers, flax, 
peas,  potato,  tomato. 

Cobalt 

Availability  decreases  with  in- 
creasing pH. 

Ruminants  and  other  animals  feeding 
on  Co-deficient  plants. 

< 
Copper 

G.O;7.6-8.5 

Medium 

Heath  soils  and  peat;  acid  and 
calcareous  sands  and  gravels. 

Cereals;  apple;  pear;  citrus;  peach, 
plum,  etc.;  flax;  various  grasses; 
legumes;  lettuce;  onion;  tomato. 

Iodine 

Low 

Areas  of  calcareous  rocks,  river 
flats  and  alluvial  soils. 

Animals  feeding  on  I-deficient 
plants. 

Iron 

>7.0'' 

Medium  to 
high 

Particularly  on  calcareous  soils; 
may  be  induced  on  acid  soils  by 
high  concentration  of  heavy  metals. 

Apple;  sugar  beet;  pear;  citrus; 
peach,  plum  etc . ;  grape ;  pine- 
apple; raspberry;  strawberry. 

Magnesiiijn 

<5.0 

Low 

Light  acid  sandy  soils;  may  be  in- 
duced by  heavy  application  of  po- 
tassium and  calcium  fertilizers. 

Apple,  sugar  beet,  cauliflower,  cit- 
rus, kale,  lettuce,  oats,  potato, 
tobacco,  tomato. 

Manganese 

6.5-8.0 

High 

Soils  high  in  organic  matter,  cal- 
careous soils. 

Be  an, beet,  grasses,  oats,  potato,  tomato, 
tree  and  bush  fruits  (except  citrus). 

Holyhdenum 

l;.5-6.5 

High 

Light,  leached,  acid  soils. 

Sugar  beet;  cauliflower,  swede,  kale, 
Brussels  sprouts,  etc.;  citrus;  le- 
gumes; lettuce;  tomato. 

Nitrogen 

<5.5 

Low 

Particularly  light  acid  soils;  of 
general  occurrence. 

Non-legunes.  Legumes  at  low  pH  (in- 
duced by  Mo-def iciency) . 

Phosphorus 

c6.0;7. 0-8.0 

Medium  to 
high 

Particularly  acid  soils;  clay  and 
certain  calcareous  soils. 

Beet,  cereals,  other  grasses,  le- 
gumes, cotton,  potato,  swede,  tur- 
nip 

Potassium 

<5.5 

Medium 

Sandy  soils,  particularly  when 
leached;  light  calcareous  soils. 

Beet,  com,  tree  and  bush  fruits, 
legumes,  potato,  tobacco,  tomato, 
tung  tree. 

Sodium 

<5.5 

High 

Sandy,  inland  soils. 

Beet,  carrot,  celery,  swede, turnip.' 

Sulfur 

<5.0 

Low 

Particularly  on  leached,  eroded 
soils  of  areas  remote  from  urban 
and  industrial  districts 

Cotton,  flax,  legumes,  tea. 

Zinc 

i».5;7.6-8.2 

Medium  to  low 

Soils  with  high  organic  matter; 
leached  sands  and  gravels. 

Sugar  beet,  cacao,  cereals,  citrus 
and  other  tree  fruits,  clover,  flax, 
various  grasses,  potato,  swede,  to- 
mato, tung  tree. 

/l/  Classified  as:  high = symptoms  seldom  occur  outside  the  stated  pH;  medium = symptoms  occur  most  commonly  within 
the  stated  pH;  low = syn^itoms  occur  at  all  pH  values,  /s/  Species  most  sensitive  to  a  deficiency  state,  and  there- 
fore exhibiting  syn^itomB  of  deficiency  of  the  element  in  a  short  period  of  time.  /}/  Data  refer  to  the  role  of 
aluminum  In  producing  blue  pigments  in  hydrangea  flowers,  /k/  Reported  to  be  5.5-6.5  with  flax  growing  on  certain 
waterlogged  soils.  /5/  Reported  to  be  5.5  on  very  acid  sandy  soils  which  have  been  treated  with  magnesium  lime- 
stone. /6/  Reported  to  be  7  for  citrus  crops,  /j/  Sodium  is  utilized  by  certain  higher  plants  and  is  considered 
an  essential  element  for  beets. 
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95.  CORRELATION  BETWEEN  SOIL  pH  AND  SIGNS  OF 
CHEMICAL  ELEMENT  EXCESS 

Data  represent  soil  type  euid  pH  raiiges  In  which  toxicities  of  various  elements  most  commonly  occur. 

Element 

Factors  Promoting  Toxicities 

Organisms  Serving  as 
Toxicity  Indicators^ 

Soil  pH 

Soil  Type  and  Other 
Characteristics 

Range 

Signifi- 
cance! 

(a) 

(B) 

(0 

(D) 

^e) 

1 

IC 
15 

20 

Aluminum 

<5.5 

High 

Often  accon5)anied  by  phosphorus 
deficiency. 

Barley,  sugar  beet,  carrot,  celery, 
flax,  leek,  some  var.  French  bean. 

Arsenic 

Low 

From  continued  use  of  arsenical 
sprays. 5 

Alfalfa,  apricot,  barley,  peach, 
tomato . 

Boron    ^ 

5.5;>8.2 

Light  soil  irrigated  with  boron- 
rich  water. 

Avocado;  citrus;  blackberry;  peach, 
plum,  etc . ;  potato . 

Cobeat 

<5.o 

Acid  soils,  with  high  concentra- 
tion of  heavy  metals,  particularly 
from  InduBtrlal  effluent. 

Sugar  beet,  cauliflower,  tomato . 

Copper 

<5.o 

See  cobalt. 

Sugar  beet,  cauliflower,  tomato. 

Fluorine 

<6.5 

High 

Areas  of  industrial  pollution. 

Barley,  buckwheat,  collards, tomato. 

Lithium 

>8.2 

Certain  irrigated  soils. 

Citrus,  com,  tomato,  wheat. 

Manganese 

<5.5 

High 

General  occurrence.  Often  in 
rather  in^jervious  mineral  soils . 

Alfalfa,  barley,  kale,  lespedeza, 
potato,  swede,  sweetclover,  to- 
mato, vetch. 

Molybdenum 

7.0-7.5 

High 

Soils  derived  from  rocks  high  in 
molybdenum  content. 

Ruminants  feeding  on  Mo-rich 
plants'* . 

Nickel 

<6 

Availability  decreases  with  in- 
creasing soil  pH. 

Beet,  cabbage,  kale, turnip, clover, 
oats,  potato,  tomato. 

Selenium 

Soils  derived  from  Upper  Creta- 
ceous rocks  (in  America)  and  Upper 
Carboniferous  limestone  (in 
Ireland) . 

Animals  feeding  on  Se-rich  plants. 

Zinc 

<5.0 

See  cobeat. 

Sugar  beet,  cauliflower,  tomato. 

/l/  Classified  as:  high  =  syn^jtoms  seldom  occur  outside  the  stated  pH;  nedium  =  symptoms  occur  nost  com- 
monly within  the  stated  pH;  low =  synqjtoms  occur  at  nil  pH  values.  /2/  Species  most  sensitive  to  a  toxi- 
city state  and  therefore  exhibiting  synqptoma  of  excess  of  the  given  element  in  a  short  period  of  tine. 
/3/  Reported  to  occur  in  oats  from  the  presence  of  minerals  containing  arsenic  In  the  soil,  /h/  Incon- 
sistent results  with  field  plants. 
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96.  FUNCTIONS  OF  ESSENTIAL  ELEMENTS:  BACTERIA 

The  functions  listed  in  the  table  require  the  specific  elements  noted.   In  addition,  car- 
bon, hydrogen,  nitrogen,  oxygen,  phosphorus  and  sxilfur  are  required  for  the  functions  of 
synthesis  of  structural  proteins,  carbohydrates,  fats  and  other  organic  compounds,  and  for 
formation  of  end  products  of  bacterial  metabolism. 

Bacteria 

Elements 

Essential  Function 
or  Role 

(A) 

(B) 

(C) 

1 

LC 

15 

2C 

55 
55 

Heterotrophic  Bacteria-'- 

Aerobacter  aerogenes 

Fe 

Needed  for  growth. 

Mg,  Mn 

In  the  enzyme  system  transforming 
pyruvate  to  acetylmethyl-carbinol. 

Cr  or  Mn  (partial- 
ly replaceable  by 
Al,  Cu,  Fe,  Zn) 

Required  for  normal  fermentation. 

Aerobacter  indologenes 

Fe 

In  hydrogenase, formic  dehydrogenase, 
formic  hydrogenlyase,and  cytochrome. 

Azotobacter  spp. 

Fe 

Needed  for  growth. 

Ca  (replaceable  by 
Sr) 

Required  for  nitrogen  fixation. 

Mo  (partially  re- 
placeable by  V) 

Required  for  nitrogen  fixation. 

Co,  Mg,  Mn,  Zn 

In  oxaJ-acetate  decarboxylase . 

Bacillus  anthracis 

Ca,  Fe,  K,  Mg,  Mn 

Needed  for  growth. 

Bacillus  cereus 

K 

Needed  for  spore  formation. 

Bacillus  subtilis 

Fe,  K,  Mg,  Mn,  Zn 

Needed  for  growth  and  production  of 
subtllin  (antibiotic). 

Brucella  abort\is 

Mg  or  Mn 

Needed  for  normal  growth  of  the 
antigenic  nonsmooth  variants . 

Brucella  suis 

Fe,  Mg,  Mn 

Needed  for  growth. 

Cellulomonas  spp 

Mg 

Needed  for  growth. 

Clostridium  acetobutylicum 

Fe 

Required  for  normal  fermentation. 

Mn,  Zn 

In  phosphatase . 

Mo  (partially  re- 
placeable by  V) 

Required  for  nitrogen  fixation. 

Clostridium  bot-olinum 

Fe 

In  polypeptidase . 

Clostridium  butyricxim 

Mo  (partially  re- 
placeable by  V) 

Required  for  nitrogen  fixation. 

ClOBtridium  hlBtolyticus 

Fe 

In  polypeptidase. 

Clostridium  perfringens 

Mg 

Necesseiry  for  cell  division. 

Fe 

Needed  for  normal  fermentation. 

Corynebacterium  dlphtherlae 

Fe 

Needed  for  growth  and  formation  of 
toxin  and  porphyrin. 

Escherichia  coll 

Fe 

Needed  for  growth. 

Mg,  Mn 

In  pyruvic  dehydrogenase. 

Mg,  Mn 

In  enolase . 

Hemophilus  influenzae 

Fe 

Part  of  the  growth  factor  hemin. 

/l/  utilize  organic  materials 
source  of  carbon  for  energy  and 


such  as  sugars,  fatty 
growth. 


acids,  amino  acids,  alcohols,  etc.,  as 
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96.  FUNCTIONS  OF  ESSENTIAL  ELEMENTS:  BACTERIA  (Continued) 

The  functions  listed  In  the  table  require  the  specific  elements  noted.   In  addition,  car- 
bon, hydrogen,  nitrogen,  oxygen,  phosphorus  and  sulfur  are  required  for  the  functions  of 
synthesis  of  structviral  proteins,  carbohydrates,  fats  and  other  organic  cuupovmds,  and  for 
formation  of  end  products  of  bacterial  metabolism. 

Bacteria 

Elements 

Essential  Function 
or  Role 

(A) 

(B) 

(C) 

% 
55 

60 

65 
70 

Heterotrophic  Bacteria-'-  (concluded) 

Klebsiella  pneinnonlae 

Fe 

Needed  for  growth. 

Lactobacillus  arabinosus 

Mn 

Needed  for  growth. 

K 

Needed  for  growth. 

Lactobacillus  casei 

Mn 

Needed  for  growth. 

K 

Needed  for  growth. 

Lactobacillus  lactis 

Co 

Part  of  the  growth  factor 
vitamin  B12  • 

Lactobacillus  leichmanii 

Co 

Part  of  the  growth  factor 
vitamin  Bil2- 

Leuconostoc  mesenteroides 

K,  Mn,  P 

Needed  for  growth. 

Propinonibacteriiom  jensenil 

Mg,  Zn 

In  phosphatase . 

Pseudomonas  aeruginosa 

Fe,  S 

Needed  for  production  of  pyocyanine 
(antibiotic). 

Mg,  P,  S 

Needed  for  production  of  fluorescent 
pigment. 

Fe 

In  cytochrome,  cytochrome  oxidase, 
catalase,  and  peroxidase. 

Mg 

Needed  for  growth. 

Pseudomonas  spp 

B,  Ca,  Co,  Cu, 
Fe,  Mn,  Mo,  Zn 

Needed  for  growth. 

Serratia  marcesens 

Fe,  Mg 

Needed  for  pigment  formation. 

Sporocytophaga  myxococcoides 

Fe,  Mg 

Needed  for  growth  and  deconqjosition 
of  cellulose. 

Streptococcus  faecalis 

K,  Mn,  P 

Needed  for  growth. 

Misc.  unidentified  bacteria 

Ca,  Mg 

In  protease. 

Zn 

In  polypeptidase . 

Photosynthetic  Bacteria^ 

All  photosynthetic  bacteria 

Mg 

Part  of  bacteriochlorophyll. 

Athiorhodaceae  (nonsulfur 
purple  bacteria) 

B,  Ca,  Cu,  Fe, 
Ga,  Mn,  Zn 

Needed  for  growth. 

Thiorhodaceae  ( svilfur  purple 
bacteria) 

S  required  in  the 
form  of  sulfide, 
sulfite,  thlosul- 
fate. 

Indispensable  reducing  agent  for 
photosynthesis. 

Sulfur  green  bacteria 

S  required  in  the 
form  of  sulfide. 

Indispensable  reducing  agent  for 
photosynthesis . 

/l/  utilize  organic  materials  such  as  sugars,  fatty  acids,  amino  acids,  alcohols,  etc.,  as 
source  of  carbon  for  energy  and  growth.  /2/  Capable  of  growing  on  CO2  as  the  sole  source  of 
carbon,  by  utilizing  light  energy. 
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96.  FUNCTIONS  OF  ESSENTIAL  ELEMENTS:  BACTERIA  (Concluded) 

The  functions  listed  in  the  table  require  the  specific  elements  noted.   In  addition,  car- 
bon, hydrogen,  nitrogen,  oxygen,  phosphorus  and  sulfur  are  required  for  the  functions  of 
synthesis  of  structural  proteins,  carbohydrates,  fats  and  other  organic  compounds,  and  for 
formation  of  end  products  of  bacterial  metabolism. 

Bacteria 

Elements 

Essential  Function 
or  Role 

(A) 

(B) 

(C) 

11 
8C 
85 
9C 

95 

Chemoautotrophic  Bacteria^ 

Hydrogenomonas  species 

H 

Molecular  hydrogen  oxidized  as  the 
source  of  energy. 

Nitrifying  bacteria 

Cu 

Needed  for  nitrification  (oxidation 
of  ammonia  ajid  nitrite). 

Nitrosomonas  species 
(ammonia-oxidizing  nitrifiers) 

N  in  the  form  of 
ammonia 

Indispensable  as  the  substrate  ox- 
idized to  provide  energy. 

Nitrobacter  species 
(nitrite-oxidizing  nitrifiers) 

N  in  the  form  of 
nitrite 

Indispensable  as  the  substrate  ox- 
idized to  provide  energy. 

Thiobacillus  species 

( sulfur-oxidizers, 

all  aerobic) 

S  in  reduced  form 
such  as  S, sulfide, 
thiosulfate 

The  substrate  oxidized  to  provide 
energy. 

Thiobacillus  denitrificans 
(sulfur-oxidlzer,  anaerobic) 

Reduced  sxilfur 
(as  above) 

The  substrate  oxidized  to  provide 
energy. 

N  in  the  form  of 
nitrate 

Indispensable  as  the  oxidizing 
agent 

Sporovibrio  desulfuricans 
( sulfate- reducer) 

S  in  the  form  of 
sulfate 

Indispensable  as  the  oxidizing 

agent . 

Clostridium  acetlcum 

H 

Molecular  hydrogen  oxidized  as  the 
source  of  energy. 

CO2 

Employed  as  oxidizing  agent. 

Methanobacterium  omelianskl 

H 

Molecular  H  oxidized  as  the  source 
of  energy. 

CO2 

Employed  as  oxidizing  agent. 

Iron  bacteria 

Fe,  Mn 

The  substrates  oxidized  to  provide 
energy. 

/5/  Capable  of  growing  with  COg  as  the  sole  source  of  carbon  and  with  energy  derived  from  the 
oxidation  of  inorganic  materials.  A  few  of  these  organisms  grow  only  autotrophically  but  most 
of  them  can  develop  either  as  heterotrophs  or  as  autotrophs. 
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97.     CHEMICAL  CHANGES  IN  PROTEIN  DIGESTION  AND 
ABSORPTION:    MAN,  LABORATORY  MAMMALS 

Protein  digestion,    in  the  alinentary  canal,    con^irlEes  the  enzymatic  cleavage  of  the  protein  molecule   in- 
to its  coiiflponent  amino  acids  which  are  absorbed  into  the  blood  stream.   Although  the  diagram  is  a  summary 
of  present  knowledge  of   the  field,   controversy  still  exists  with  regard  to  some  of  the  details. 

A  =  Pepsin;   B  =  Rennin;   C  =  Trypsin;   D  =  Chymotrypsin;   E  =  Carboxypolypeptidase ;   F  =  Amlnopolypeptidase; 
G  =  Dlpeptidase 

Protein^ 

Polypeptides^  ?'8 

4 
,3 

L 

a2 

3^ 

C 

E 

5 

c4Id5 

' 

\ 

Proteoses^'  ^' 

^ 

J4 

Dipeptides'''  ' ' 

>2 

V 

g12 

Peptones^-''' 

Amino  Acids  ^  ^ 

1 

/l/  Native, denatured,  or  coagulated. /2/  Secreted  by  the  gastric mucosa  as  pepsinogen;  activated  by  TCI. 
Pepsin  is  an  autocatalytic  endopeptldase,  hydrolyzing  peptide  bonds  in  the  interior  of  the  protein  molecule. 
/5/  In  gastric  juice  of  the  young  of  some  mammals,  but  probably  not  the  adults;  converts  soluble  calcium 
caseinate  to  insoluble  calcium  paracaselnate  (clot),  /k/  Secreted  in  pancreatic  Juice  as  trypsinogen;  acti- 
vated by  enterokinase .  Trypsin  is  an  autocatalytic  endopeptldase,  hydrolyzlng  native  proteins  to  proteoses, 
peptones,  and  polypeptides  by  splitting  peptide  bonds  involving  a  basic  nitrogen  (as  in  lysine,  arginine). 
/5/  Secreted  in  pancreatic  Juice  as  chymotrypsinogen;  activated  by  trypsin.  Chymotrypsin  is  an  endopeptldase, 
hydrolyzlng  native  proteins  to  proteoses,  peptones,  and  polypeptides  by  splitting  peptide  bonds  involving  an 
aromatic  group  (as  in  tyrosine,  phenylalanine).  /6/  Secondary  protein  derivatives  of  molecular  weight  less 
than  1000,  exclusive  of  polypeptides  and  simpler  degradation  products.  /7/  Some  absorption.  /8/  A  compound 
containing  more  than  two  amino  acids  Joined  by  peptide  linkages.  /9/  One  of  several  exopeptldases  (called 
erepsln)  in  pancreatice  Juice  removing  successively  amino  acids  with  free  carboxyl  groups  from  the  end  of  the 
peptide  chain,  thus  hydrolyzlng  polypeptides  to  sin5>ler  peptides  and  amino  acids.  /lO/  Secreted  by  intesti- 
■al  mucosa  in  succus  entericus;  an  exopeptldase,  removing  successively  amino  acids  with  free  amino  groups 
from  the  end  of  the  peptide  chain,  thus  hydrolyzlng  polypeptides  to  sin^iler  peptides  and  amino  acids,  /ll/ 
Dlpeptides  contain  two  amino  acids.  /l2/  Secreted  by  intestinal  mucosa  in  succus  entericus;  hydrolyzes  dl- 
I)eptldes  to  amino  acids  by  breaking  the  peptide  linkage.  /13/  Absorbed. 
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98.     CHEMICAL  CHANGES  IN  CARBOHYDRATE  DIGESTION  AND 
ABSORPTION:    MAN,   LABORATORY  MAMMALS 

Carbohydrate  digestion  Is  the  enzymatic  hydrolysis  of  poly-  and  oligosaccharides  Into  their  monosac- 
charide components  which  are  then  absorbed  into  the  blood  stream.  Monosaccharides  are  phosphorylated 
to  hexose-6-P047  as  they  enter  the  intestinal  mucOBa  and  then  dephosphorylated  before  they  enter  the 
blood  stream. 


A  =  Salivary  amylase  (ptyalin);  B  =  Pancreatic  amylase  (amylopsln);   C  =  Maltase;   D  =  Sucrase   ( inver- 
tase);     E  =  Lactase 


CAR  BOHYDRATE  1 


Polysaccharides^ 


Soluble   Starch 

Erythrodextrins 

Achrodextrins 


B         B' 


Oligosaccharides  3 


Monosaccharides'* 


C''.  D^,  e9 


^ 


Maltose 


Galactose 


^ 


Fructose 


-i— C7 »• 


10 


Glucose 


lOy 


ATP 


Hexose 
Phosphates 


/l/  Ingested.  /2/  Polysaccharides  Including  glycogen,  starch  dextrlns  and  cellulose  are  made  up  of  many 
monosaccharide  (simple  sugar)  molecules.  Cellulose,  although  made  up  of  glucose  molecules  is  not  digest- 
ible by  mammals.  /?/  Oligosaccharides  are  carbohydrates  con^iosed  of  only  a  few  (down  to  two  in  the  case  of 
dieacchftrides)  molecules  of  monosaccharide.  Sucrose  contains  glucose  and  fructose;  maltose  is  congjosed  of 
two  molecules  of  glucose;  and  lactose  contains  glucose  and  galactose  as  constituents,  /k/  Ingested  mono- 
saccharides are  absorbed  into  the  blood  stream  without  breakdown.  /5/  Salivary  amylase  not  only  converts 
polysaccharides  to  soluble  starch,  etc.,  but  also  breaks  off  some  maltose.  /6/  Pancreatic  amylase,  but  not 
salivary  amylase,  will  hydrolyze  uncooked  starch  only  to  an  insignificant  extent.  /?/  Maltase,  in  Intes- 
tinal secretion,  hydrolyzes  each  molecule  of  maltose  to  two  molecules  of  glucose.  /8/  Sucrase,  in  intes- 
tinal secretion,  hydrolyzes  sucrose  to  glucose  and  fructose.  /9/  Lactase,  in  intestinal  secretion,  hydro- 
lyzes lactose  to  glucose  and  galactose.  /lO/  Possibly  other  hexoses. 
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100,     PATHWAYS  OF  AMINO  ACID  METABOLISM 

Amino  Acid 

Product  of  Oxidative 
Deaolnatlon  or 
Transajnl  nation 

Product  of 
Decarboxylation 

Pathways  and  Products  of  Metabolism 

(A) 

(B) 

(C) 

fD) 

1 
£ 

3 

It 

L- Alanine 
L-Arglnlne 

L-Asparaglne 
L-A6partlc  acid 

L-Cltrulllne 

Pyruvic  acid 
a-Keto-5-guanidovalerlc  acid 

a-Ketosucclnamlc  acid 
Oxalacetlc  acli 

a-Keto-6-carbamldovalerlc  acid 

Agmatlne 
a-AIanlne,  p-Alanine 

Arglnlne  >>  ornithine  +  urea 

Aspartlc  acla  ^ *L  fumaric  acid  +  Jfflj; 

other  products   include:      malic  acid,    suc- 
cinic acid,   propionic  acid 

6 

7 

8 
9 
LO 

L- Cysteine 

L-Glutamlc  acid 

L-Glutamine 

Glycine 

L-Hi8tidine 

p-Mercapto-pyruvlc  acid 

a-Ketoglutarlc  acid 

a-Ketoglutaramic  acid 
Glyoxyllc  acid 
p-liiiidazolepyruvic  acid 

r-Aminobutyrlc  acid 
Histamine 

Cysteine  sulfenic  acid ^  cysteine  sulfln- 

See  ornithine,  proline,  hlstidine, 

glut  amine 
Glutamlne   -*    ^     glutamic  acid  +  HHi 
Glvclne   +  fon^ate  •< — r  serine  +  NHj 

glutamic  acid 

U 
12 

L3 

ll4 

L5 

L-Hydroxyproilne 
L-Isoleudne 

L- Leucine 
L-Lyelne 

L-Methlonlne 

a-Keto-r-tydroxy-6-anilnovalerl( 

acid 
D-a-Keto-p-methylvalerlc  acid 

a-Ketolsocaprolc  acid 
a-Keto-e-aminocaproic  acid 

a-Keto-r-methlolbutyrlc  acid 

Cadaverlne 

See  proline 
ments 

a-ketoadlplc  acid ^glutarlc  acid; 

homocystelc  acid;    (b)  HgS,   NHi,   a-keto- 
butyric  acid;    (c)    +  serine ^cysta- 
thionine   ^  cysteine  +  homoserine 

l6 
L7 

18 
19 

L-Omlthine 
L-Fhenylalanlne 

L-Prollne 
L-Serlne 

L-Threonlne 

a-Keto-5-amlnovalerlc  acid 
Phenylpyruvlc  acid 

a-Keto-6-aiiilnovalerlc  acid 
P-Hydroxypynivlc  acid 
a-Keto-p-hydroxybutyrlc  acid 

Putresclne 
Phenylethylamlne 

Ornithine  +  NH,   +  COg  >■  cltrulllne 

Phenylalanine  >-  (a)   tyrosine   (b)   phenyl- 
pyruvic  acid  ►  phenylacetlc  and 

phenyllactlc  acids 

acid;    (c)   hydroxyprollne 
Serine  >-NH,    +  pyruvic  acid;    serine   + 

Indole  ^  tryptophan;    see  glycine 

Threonine >-  NHj  +  a-ketobutyrlc  acid 

n 

>2 

!3 

L-Tryptophan 

L-Try08lne 
L-Vallne 

p-Indolepyruvlc  acid 

Para-hydroxyphenylpyruvlc  acid 
a-Ketoisovalerlc  acid 

Tryptamlne 
Tyramlne 

kynurenine ».  (a)  kynurenlc  acid   (b) 

anthranllic  acid  +  alanine   (c)    J-hydroxy- 

Itynurenine  ►  J-hydroxyanthranlllc 

acid ^  nicotinic  acid 

Para-hydroxyphenylpyruvlc  acid ^  homogen- 

tislc  acid  ^fumarylacetoacetlc  acid 

acid ^  5  carbon  fragment   +  COg 
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101.     PATHWAYS  OF  PURINE  AND  PYRIMIDINE  NUCLEOTIDE  CATABOLISM 

BucleotldeB  are  com^aei  of  a  purine  or  pyrtmldlne  base  linked  to  a  pentose  or  desoxypen- 
tose  sugar  which,  in  turn.  Is  linked  to  phosphate .  Removal  of  the  phosphate  leaves  a  com- 
pound designated  as  a  nucleoside.  See  table  102  for  pathways  of  nucleoprotein  catabolism 
in  general. 


A  =  Phosphatase;  B  =  Adenylic  acid  deaminase;  C  «  Adenosine  deaminase;  D  =  Adenafle?- 
E  =  Nucleoside  phosphorylaae ;  F  -  Xanthine  oxidase;  G  =  Guanylic  acid  deaminase;  H  - 
Guanosine  deaminase;  I  ^  Guanase;  J  =  Phosphorylase  or  hydrolase;  K  =  Cytidine  deam- 
inase;     L  =  Cytosine  deaminase;     M  =  Uracil- thymine  oxidase;     H  =  Barbiturase;     0  =  Urease 


NUCLEOTIDES 


NUCLEOSIDES 


BASES 


Adenylic  Acid' 


A *• 


Adenosine  1 


? »• 


Adenine^ 


Inosinic  Acid' 


Inosine' 


D' 


Hypoxanthine^ 


Xanthylic  Acid' 


Xanthosine' 


Xanthine 


Guanylic  Acid' 


Guanosine' 


Guanine^ 


Thymidylic  Acid^ 


Thymidine^ 


Thymine 


Cytidylic  Acid^ 


Cytidine^ 


~ 


Cytosine* 


Uridylic  Acid^ 


Uridine^ 


i^^ 

I 


UracU'' 


Barbituric 
Acid^-^ 


3-Alanine 


j^ 


Malonic  Acid 


Urea' 


Water 


3j: 


T 
-O- 


Carbon  Dioxide 


Ammonia 


/I/  A  purine  derivative  or  contains  purine  ring,   /a/  A  purine.      /}/  A  pyrlmidine  derivative  or 

Srl^  ^/Z^  barbituric  acid.  /7/  Pathway  de,»onfltrated  with  Corynebacterlum  and  Hycibac- 
^ltZ:.ii'J^  ^^  ^r"^"'  °^*'^^  "^^""-^  (thymine)  yields  e-aminolsobutyrlc  acid.  ^/  via- 
uric  acid,   allantoic  acid,   and  glyoxylic  acid.      (cf.   table  102).      /lo/  Urea  is  excreted  as  the 

IdL'^^a^,?  "f""  Tt  -*-^"''"  ^y  >»™-l«,  and  as  an  ind  product  ^f  pu^lnel^d  Tj^ 
idlne  metabolism  by  most  fishes,   aajihlbia  and  fresh  water  lamelllbranchs . 
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104.     PATHWAYS  OF  LIPID  METABOLISM:    MAMMALS 

These  pathways  are  believed  to  occur  in  the  lipid  metabolism  of  animal  forms  in  general.  They  are 
based  on  studies  confined  chiefly  to  mammals . 


Triglycer- 
ides!. 2.  3?.  4 


Di-  and  Mono- 
glycerides3'4.6 


Phospho- 
lipid!.2. 3, 4,  13 


a-.p  ?-Glycero- 
phosphoryl-cho- 
line!4;  Glycero- 
phosphate 


Protein!  -5 


Ketogenic 
Amino  Acids! 


Glycogenic 
Amino  Acids! 


Carbohy- 
drate! •  ^ 


Acetate29 


■52- 


Pyruvate29 


3!V 


.53' 


Lactate 


/l/  In  intestinal  lumen,  blood,  liver,  other  tissues.  /2/  In  chyle.  /5/  Some  absorption  by  intes- 
tinal mucosa,  /hf  Formed  in  intestinail  mucosa, or  absorbed  from  lumen,  pass  into  chyle,  short  chains 
possibly  also  into  portal  blood.  /5/  Digestion  in  intestinal  lumen.  /6/  Probably  transitory  in 
tissues.  /?/  In  intestinal  mucosa,  liver,  other  tissues.  /8/  Occur  free  (ionized)  in  intestinal 
lumen,  blood,  liver;  free  existence  in  chyle,  questioned;  free  existence  probably  transitory  in 
other  tissues,  if  it  occurs.  /9/  In  liver,  carbon  chains  lengthened  or  shortened  (cf.  Fn  20),  and 
H  added  to  C9.10,  or  removed  creating  double  bonds.  /lO/  Chiefly  (?)  unsaturated,  /ll/  Synthesis 
probably  in  intestinal  mucosa,  liver,  blood.  /12/  In  chyle,  blood,  and  small  amounts  in  liver, 
other  tissues;  not  in  brain,  red  cells.  /15/  Chiefly  lecithin,  cephalins  (phosphatides  of  ethanol- 
amlne,  serine,  inositol,  acetal,  and  polyglycerlde  phosphatides)  some  sphingomyelin,  /ll^/ln  intes- 
tinal mucosa,  liver  (7),  other  tissues  (?).  Split  to  choline,  glycerol,  phosphoric  acid.  /15/  In 
Intestinal  lumen,  absorbed  by  intestinal  mucosa,  where  resynthesized  Into  glycerides.  Including 
phospholipids.  Metabolized  to  pyruvate.  /16/  In  liver,  other  tissues.  /I?/  Fatty  acid  ester  of 
coenzyme  A,  1.  e.,  acyl/>^'CoA  ester,  formed  by  ATP-dependent  acylatlon  of  CoA  or  by  transfer  of  CoA 
from  succlnyl-  or  other  CoA  ester.  /18/  Coenzyme  A  probably  =  pantetheine  (pantothenic  acid  + 
p-alanlne  +  thloethanolamlne)  +  ADP,  with  a  third  PO4  at  C5  of  the  rlbose;  forms  fatty  acid  thiol 
esters  via  the  SH  in  the  thloethanolamlne.  /19/  Reverse  of  p-oxidatlon  (cf.  Fn  20).   Retarded  or 
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104.     PATHWAYS  OF  LIPID  METABOLISM:    MAMMALS  (Concluded) 

These  pathways  are  believed  to  occiir  In  the  lipid  metabolism  of  animal  forms  in  general.  They  are 
based  on  studies  confined  chiefly  to  mammals. 


^ 

Fatty  Acid8 

► 

-^ 

Modified  Fatty 
Acid'' 

1  n 

,, 

Cholesteryl 
Estersl2 

^                                                     -"                 ^-^'      .                      >- 

-^ 

/ 

16 

22 
/ 

^'^'^r'^ 

/ 

Choles- 
teroll'2.23 

t 

22 
1 

Fatty 
Acid— CoA17,  18 

Steroids^"* 

19 
1  ,„ 

Acetoace- 
tatel6.25,27 

\C'J 

> 

: 

. 

A, 

'ft 

Other  SteroIs26 

Acetyl~CoA^l 
(CH3CO-S-C0A) 

P-OH  Butyratel^ 

^ 

16 34 

Krebs  ("■"'~io35 

CO2  &  H^O^^ 

J^lV. 

blocked  in  diabetes  mellitus,  starvation  (?).  Insulin  useful,  probably  necessary,  but  site  of  lipo- 
genlc  action  not  knovn  --  possibly  the  hexokipase  reaction  in  carbohydrate  metabolism.  /20/  Fatty 
acid-CoA  ester  shortened  2  carbons  at  a  time  by  p-oxidation,  breaking  off  a  molecule  of  acetyl ^^CoA 
at  each  step,  and  re-esterifying  the  remainder  with  CoA.  /21/  Acetic  acid  ester  of  coenzyme  A 
known  also  as  S-acetyl  coenzyme  A,  active  acetyl.  /22/  Via  squalene7  /23/  Adrenal  steroids  (Cuoxy) 
promote  synthesis  (?).  /2l+/  Hormones,  bile  acids.  /25/  Transported  from  liver  via  blood  to  other 
tissues, where  oxidized,  via  acetyl-^CoA  and  Krebs  Cycle,  to  CO2  and  HgO.  Some  conversion  to  ace- 
tone. /26/  Coprosterol,  epicoprosterol  excreted.  /27/  Tyrosine,  leucine,  isoleucine  elLso  converted 
directly  to  acetoacetate .  /28/  Aspartate  enters  Krebs  Cycle  not  via  pyruvate,  but  by  conversion 
directly  to  oxalacetate.  /29/  Occurs  in  blood,  liver,  muscle,  other  tissues.  /50/  Occurs  in  muscle, 
especially  in  exercise,  the  lactate  diffusing  into  the  blood  stream.  /5l/  Occurs  in  liver,  muscle, 
brain,  other  tissues.  /52/  ATP-dependent  reaction  with  CoA.  /53/  Diphosphothiamine  (=  cocarboxylase ) , 
llpoic  acid,  Mg++  required,  /j't-/  Pyruvate  +  COg — ^.oxalacetate,  malate,  components  of  Krebs  Cycle. 
Oxalacetate  condenses  with  acetyl ^-' CoA,  to  form  citrate.  This  removal  of  acetyL'>.'CoA  by  oxalacetate 
(i.  e.^  by  pyruvate),  occurring  when  acetyl'»--CoA  is  being  formed  in  active  fat  catabolism,  may  ex- 
plain antiketogenic  action  of  carbohydrate 
And  energy  liberation. 


(and  protein).  /55/  For  Krebs  Cycle  see  table  106.  /56/ 
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105.     METABOLIC  INTERRELATIONSHIPS:    CARBOHYDRATE, 

FAT,   AND  PROTEIN 

Carbohydrate 

protein 

Fat 

i 

i^ 

> 

'^3 

Hexose 
Phosphate 

^-^ 

Amino  Acids 

:i:-^^ 

F:atty  Acid 
CoA  Ester 

^\ 

X 

y^  / 

/" 

\ 

y^^^^x 

// 

\\           // 

Glycine 

/ 

\          ^                // 

// 

/ 

/ 

„        \          \            1 

//        1 

Methionine 

r  1 

/ 

; 

\ 

N-^ 

i 

Serine 

/ 

Proline 

\ 

Leucine 

1 

Threonine 

Hydroxy- 
proline 

Isoleucine 

Cysteine 

Arginine 

Phenylalanine 

Valine 

Histidine 

Tyrosine 

i 

\ 

\ 

' 

r 

' 

1 

11 

w 

Alanine 

Glutaznate 

Aspartate 

/// 

\ 

\ 

1  ' 

/ 

■'/. 

^ 

/ 

Lactate 

Pyruvate 

Succinyl 
'~'  Cn  A 

/- 

Acetyl— CoA 

_  Acetoacetate 

^^''■*'*-^^ 

A- — 

^ 

y 

X 

[ 

02 

N^                          J 

f  /  / 

^          KREBS 
y          CYCLE 

i 

) 

—          — 8« 

^ 

T 

\ 

\ 

\ 

»zO 

-.p* 

CO2 







1 

/I/  Riospborylafle  and  POij,  phoephoryiate  nexoae  unite  In  stored  polyecurcharldea;  Qexoklnaae  and  ATP  phosphorylate  htxosee. 
/2/  Proteolysla  by  proteases  In  digestive  tract  or  tissues.  Synthesis  by  proteases  of  tissues.  /5/  Lipase  splits  fat  into 
fatty  acldo  anl  glycerol;  glycerol,  via  glycerol  phosphate  and  dehydroxy  acetone  phosphate, enters  the  glycolytic  cycle. 
Fatty  acid  then  Is  acted  upon  by  coen^me  A.  /V  Glycolysis.  /5/  Oxidative  deamlnation.  /6/  Decarbo^latlon.  /7/  P- 
CDddation.     /6/  Chain  of  electron-tremsmltting  en^mes.     /9/  "High  energy"   phosphorus. 
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106.     THE  KREBS  CYCLE 

The  Krebs  Cycle  (tricarboxylic  acid  cycle)  l8  a  major  pathway  for  the  final  (aerobic)  oxidation  of  carbohydrates,  fats,  and  pro- 
teins. These  three  nutrients  are  channeled  into  the  cycle  via  their  two  key  metabolites,  pyruvate  and  acetyl-CoA  ("active  ace- 
tate"). Each  "revolution"  of  the  cycle  oxidizes  1  mole  (59  g)  of  acetate  to  CO2  and  H2O,  with  release  of  approximately  200  kllo- 
calorles  of  energy.  A  portion  of  the  released  energy  (approximately  lAA  kilocalorles)  enters  the  phosphate  energy  pool  as  ATP. 
Twelve  moles  of  ATP  are  formed  from  ADP  and  PO^,  (by  energizing  PO^  to  -PO^).  The  remainder  of  the  released  energy  appears  as 
heat.  Oxidation  of  1  mole  (87  g)  of  pyruvate,  proceeding  via  acetyl-CoA,  contributes  a  total  of  15  moles  of  ATP  to  the  energy 
pool.  


lA  «  Pyruvic  decarboxylase;  B  =  Malic  enzyme;  C  =  Transaminase ;  D  =  CondeiiBlng  enzyme;  E  =  Aconitase;  F  *  Isocltric  dehydrogenase] 
G  =  Oxalosueclnic  carboxylase;  H  =  ot-Ketoglutarlc  dehydrogenase;  I  =  Succinic  dehydrogenase;  J  =  Fumarase;  K  «  Malic  dehydrogenase; 


L  »  Oxalacetic  decarboxylase 


Protein; 
Carbohydrate; 


^ 


Protein: 
Fat 


Pyruvate   |^6.8. 12,  14_A. 

(C3H4O3) 


Protein 


V. 


Aspartate 
(C4H7O4N) 


S 


Fumarate 
(C4H4O,) 


Cis-aconitate 


Glutamate 
(C5H9O4NI 


8, 14- 


/l/  Glucogenic  amino  acid  precursors  for  pyruvate  are:  alanine,  glycine,  serine,  threonine,  methionine,  cysteine,  valine.  /2/  Keto- 
genlc  amino  add  precursors  for  acetyl-CoA  are:  leucine,  Isoleuclne,  phenylalanine,  tyrosine.  /3/  Aspartic  acid  occurs  as  a  com- 
ponent of  protein.  /U/  Glutamic  acid  occurs  as  a  conqjonent  of  protein  or  may  be  formed  from:  arginlne,  proline,  hydroxyproline, 
hlstldine,  ornithine.  /5/  Coenzytt-A  (  =  ATP-pantoyl-p-alanyl-thloethanolamine)  and  d-lipoic  acid  required.  /6/  In  the  oxidative 
direction,  DPN  (  =  dlphosphopyridlne  nucleotide,  a  conqwund  of  nicotinamide,  D-ribose,  ^POi,,  and  adenine;  also  known  as  coenzyme  I) 
acts  as  hydrogen  acceptor;  in  the  reverse  direction  DPSHg  is  hydrogen  donor.  /?/  In  the  oxidative  direction,  TPN  (=  trlphosphoryrt- 
dine  nucleotide;  coenzyne  II)  acts  as  hydrogen  acceptor;  In  the  reverse  direction,  TPNH2  is  hydrogen  donor.  /8/  DPT  (=  dlphos- 
phothiamlne;  thiamine  pyrophosphate;  cocarboxylase )  required  as  coenzyme  for  the  carboxylase  (a);  also  Mg"*^,  or  Mn"*"*"  Is  required 
ae  activator  for  the  enzyne.  /9/  Blotln  required  as  coenzyme  for  decarboxylation.  /lO/  2H  enters  into  the  reaction.  /ll/  2H 
released  and  their  electrons  transferred  to  cytochrome.  /12/  Hydrogen  ions  transferred  to  DPN  (or.  In  the  case  of  Isocitrate  — ^ 
oxalsucclnate,  to  TPN)  and  pass  In  turn  to  flavoproteln,  cytochrome-c,  cytochrome  oxidase,  and  finally  to  combination  with  mo- 
lecular oxygen.  For  each  H  thus  passed  and  finally  oxidized,  1.5  moles  of  ATP  are  formed  by  the  addition  of  energized  phosphate 
(  --PO1+)  to  ADP.  /15/  CO2  enters  into  the  reaction.  /ll*-/  COo  released.  /15/  HgO  enters  into  the  reaction.  /16/  HgO  released. 
/I7/  NHi  enters  Into  tae  reaction  by  transamination.  /18/  NHj  transferred  frcm  glutamate  by  transamination,  then  enters 
Into  Krebs  Cycle  via  succlnyl  ^  CoA.  /l9/  Footnotes  5,  6,  8,  12,  U  apply  to  this  reaction.  /20/  For  details  of  cytochrome 
system,  see  table  108. 
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109.     PATHWAYS  OF  IRON  METABOLISM:    MAMMALS 


Iron  in  Ingested  Food 

1 

Heme  Iron 

T 

Fe+  + 

Fe+  +  + 

■< 

1 

r 

' 

K-;iease  of  Iron 

by  Intestinal' 

Bacterial  Action 

Reduction  by  Foodstuffs 

in  Acid  Medium 

of  Stomach 

) 

1 

V 

Fecal  Loss  of 
Unabsorbed  Iron 

Fe++  of  Intestinal^ 
Contents 

■< 

1 

r 

Ferritin  Fe+++  of 
Intestinal  Mucosa 

1 

r 

Metabolically  Active 

Iron  Compounds  of 

Tissues  -  Myoglobin, 

Catalase,     Cytochromes 

Plasma  Fe+''"+  Combined 

with  Fraction  IV  -  7 
(Globulin  -  Iron  Complex) 

Ferritin  Fe+++  of 
Liver  and  Spleen 

► 

■< 

n 

" 

Ferritin   Fe  +++  of 
Bone  Marrow 

■ 

1 

Formation   of  Hemoglobin 
(Fe'''  +  )  in  Bone  Marrow 

^ 

' 

Circulating  Hemoglobin 
(Fe*  +  )  in  Red  Cells 

1 

' 

Degeneration  of 

Fe 

Red 

cells 

/I/  Large  Intestine.   /2/  Small  Intestine. 
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113.     EXCRETION  OF  NITROGEN  COMPOUNDS:    MAN 

Because  of  the  high  degree  of  variability  in  rate  of  sweat  formation,   ranging     from  zero  under 

some  conditions,   up  to  as  high  as  12  liters  per 

day  in  extremely  hot  climates,   it  has  not  been 

practicable  to  present  data  on  excretion  via  sweat  in  terms  of  "per  kg  body  weight  per  day".        | 

Constituent 

Excreted  in  Urine 

Excreted  in  Feces 

Excreted  in  Sweat 

mg/kg  body  wt/da 

mg/kg  body  wt/da 

mg/lOO  ml 

Value 

Range 1 

Value 

Rangel 

Value 

Range 1 

^A) 

(B) 

(C) 

^D) 

(e) 

(7) 

fG) 

1 

Water,   total 

17,000 

7,800-27,500 

910-1,820 

2 

Solids,  total 

660 

780-1,000 

39U 

lUO-560 

5 

Nitrogen,   total2,5 

51^7 

85-500 

21* 

ll.U-56.0 

51.0 

27-61* 

k 

Protein  nitrogen 

0.0OU6-0.018 

c 
> 

Non-protein  nitrogen5 

51*7 

85-500 

31.0 

27-61* 

6 

Amino  acid  nitrogen 

2.5 

2.2-U.U 

k.h 

1.57-1*.  76 

7 

Creatinine 

15 

12-25 

lt.25 

0-6.68 

8 

Hippuric  acid 

8 

1-12 

9 

Urea 

500 

215-500 

72 

25-186 

10 

Uric  acid 

9 

5-12 

l.U 

0.7-2.5 

LI 
L2 

Ammonia 

9.2 

U-18.2 

0.36-1.2 

2.5-55 

Amino 

Acids 

Alanine,   free 

15 

Combined 

Ik 

Total 

0.55 

15 

Arginine,   free 

0.31 

0.15-0.5 

l6 

Combined 

0.1 

0-0.2 

n 

Total 

O.k 

0.5l*-0.5 

5.8 

2.9-5.0 

15.5 

5.8-21.1* 

18 

Aspartic  acid,   free 

0.02 

0.014-0.26 

LS 

Combined 

2.3 

1.2-5.7 

20 

Total 

2.32 

0.37-3.7 

n 

CltrulUne,   free5 

0.58 

0.26-0.7 

22 

Combined 

?3 

Total 

0.3^5-0.79 

21* 

Cystine,   free 

1.5 

0.65-2.0 

2; 

Combined 

56 

Total 

1.5-2.U 

57 

Glutamic  acid,   free 

0.52 

0-1.07 

28 

Combined 

'*.5 

1.0-10.0 

29 

Total 

5.27 

1.58-11.55 

50 

Glycine,   free 

10.1 

9.0-12.0 

51 

Combined 

52 

Total 

2.5-18.0 

55 

Histidine,   free 

2.7 

O.9U-U.8 

51* 

Combined 

0.6 

0.07-1.8 

55 

Total 

.5 

0.98-6.59 

1.7 

1.4-2.1 

8.0 

6-10 

/l/  Ranges  are  averages  of  ranges  of  values  reported  in  the  literature  cited.  They  may  be  con- 
sidered to  be  equivalent  to  estimate  "d"  of  the  951^  range  (cf.  Introduction).  /2/  Nitrogen  in 
excreta  is  present  as  nitrogen  compounds  eind  not  as  free  nitrogen.  /5/  Total  N,  and  NPN  values 
have  been  calculated  from  the  values  listed  for  the  individual  nitrogen  components, It ems  No. 6-11. 
See  also  Footnote  1.  /I*/  See  also  table  on  electrolyte  excretion.  /5/  Determined  by  paper  chro- 
matography, identity  not  completely  proven. 
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113.  EXCRETION  OF  NITROGEN  COMPOUNDS:  MAN  (Continued) 

Because  of  the  high  degr 

ee  of  variability  in  rat 

e  of  sweat  formation,  r 

anging  from  zero  under 

some  conditions,  up  to  as  high  as  12  liters  per 

day  in  extremely  hot  climates,  it  has  not  been  i 

practicable  to  present  data  on  excretion  via  sweat  in  terms  of  "per  kg  body  weight  per  day".   | 

Constituent 

Excreted  in  Urine 

Excreted  in  Feces 

Excreted  in  Sweat 

mg/kg  body  wt/day 

mg/kg  body  wt/da 

mg/lOO  ml 

Value 

Range 1 

Value 

Range 1 

Value 

Rangel 

(a; 

(B) 

(0 

(D) 

(E) 

(F) 

(G) 

56 

Amino  Acids 

(concluded) 

Hydroxyprollne ,  free 

57 

Combined 

38 

Total 

0.02 

39 

Isoleucine,  free 

0.085 

0.05-0.3 

ko 

Combined 

0.2 

0.06-0.1* 

hi 

Total 

0.3 

0.11-0.6 

U.3 

3.3-5.5 

2.5 

1.0-3.6 

1*2 

Leucine,  free 

O.lU 

0.05-0.25 

1*3 

Combined 

0.2 

0.05-0.1* 

hk 

Total 

0.52 

0.2-0.52 

5.6 

l*.5-6.9 

2.7 

1.2-1*. 2 

1*5 

Lysine ,  free 

0.5 

0.25-1.15 

k6 

Combined 

0.6 

0.2-1,1 

1*7 

Total 

0.1*8-2 

5.7 

'*.5-6.9 

2.3 

l.l*-3.2 

1*8 

Methionine,  free 

0.11 

0.05-0.18 

1*9 

Combined 

0.03 

50 

Total 

O.ll* 

0.12-0.17 

51 

Ornithine,  free^ 

0.15 

52 

Combined 

53 

Total 

5'* 

Phenylalanine,  free 

0.23 

0.1-0.1*5 

55 

Combined 

0.1 

O.OU-0.2 

56 

Total 

0.53 

0.21-0.6 

2.2 

1.0-5.5 

57 

Proline,  free 

0.12 

0.05-0.21 

58 

Combined 

0.5 

0.5-0.8 

59 

Total 

0.61 

0.33-0.9 

60 

Serine,  free 

O.U 

0.21-0.52 

61 

Combined 

0.25 

0-0.5 

62 

Total 

0.65 

0.55-l.U 

63 

Threonine,  free 

0.57 

0.17-0.62 

61* 

Combined 

O.U 

0.5-0.8 

65 

Total 

0.77- 

0.56-1.2 

l*.0 

3.5-5.2 

5.U 

1.7-9.1 

66 

Tryptophan,  free 

0.37 

0.12-0.7 

67 

Combined 

0.5 

0.009-0.1* 

68 

Total 

0.7 

0.25-1.3 

1.1 

0.1*-1.8 

69 

Tyrosine,  free 

0.3 

0.17-0.55 

70 

Combined 

0.5 

0.08-0.9 

71 

Total 

0.79 

0.55-1. '♦5 

3.2 

1.2-5.0 

72 

Valine,  free 

0.065 

0.0l*-0.125 

75 

Combined 

0.2 

0.09-0.1* 

7"* 

Total 

0.3 

0.21-0.1*5 

l*.6 

5.6-6.2 

3 

1.5-4.5 

/l/  Ranges  are  averages  of  ranges  of  values  reported  in  the  literature  cited.  They  may  be  con- 
sidered to  be  equivalent  to  estimate  "d"  of  the  951^  range  (cf.  Introduction).  /2/  Identity  not 
proven. 
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113.    EXCRETION  OF  NITROGEN  COMPOUNDS:    MAN  (Concluded) 

Because  of  the  high  degree  of  vaxlahillty  in  rate  of  sweat  formation,   ranging     from  zero  under 
some  conditions,  up  to  as  high  as  12  liters  per  day  in  extremely  hot  climates,   it  has  not  been 
practicable  to  present  data  on  excretion  via  sweat  in  terms  of  "per  kg  body  weight  per  day" . 

Constituent 

Excreted  in  Urine 

Excreted  in  Feces 

Excreted  in  Sweat 

mg/kg  body  wt/da 

mg/kg  body  wt/da 

mg/lOO  ml 

Value 

Range 1 

Value 

Rangel 

Value 

Rangel 

(A) 

(B) 

_  (c) 

(DJ 

(E) 

(F) 

(G) 

75 
76 

n 

79 
30 

31 

32 

33 
31* 

35 
36 

Miscellaneous  Compounds 

Methionine  sulfoxide 

Indican 

Adrenaline^ 

Taurine 

Allantoln 

Noradrenaline" 

Purine  bases 

Guanldoacetlc  acid 

Histamine 

Creatine? 

Hydr oxytyr ami  ne° 

Imidazole  derivatives 

O.ll* 
0.l6ng 

0.27 
O.lHiig 

0.1*1 
2.9 

0-0.31 

0.06-0.1*5 
0.07-0.3lng 

0.105-0.2 

0.18-0.36 
0.i7-0.9^g 

0.18-0.92 

0.23-0.51 

0.2-1.0 

1.1-3.86 

l.'*-2.8^g 

I.55-9A 

2-3 
0-0.2 

/I/   Ranges  are  averages  of  ranges  of  values  reported  in  the  literature  cited.  They  may  be  con- 

sidered to  be     equivalent  to  estimate  "d"   of  the  95^     range   (cf.   Introduction).    /6/  The     catechol 
amines     expressed  in  micrograms.     /7/     Not  normally  present   In  the  urine  of  adult  uiales. 


114.     EXCRETION  OF  LIPIDS:    MAN 

Constituent 

Excreted  In  Urine 

Excreted  in  Feces 

Excreted  in  Sweat 

Excreted 
in     Sebuml 

mg/kg  body  wt/da 

mg/kg  body  wt/da 

mg/lOO  ml 

g/100  g 

Value 

Range2 

Value 

Range2 

Value 

Range2 

Value 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

: 

c 

3 

It 

6 
7 
8 
9 
10 

11 
L2 

13 
Ik 

Fat,    total 
Fat,   neutral 
Fat,  unsaponlfiable 
Fatty  acids,   total 
Fatty  acids,   free 

Fatty  acids,  unsaturat 
Cholesterol,   total 
Cholesterol,   free 
Paraffin 
Phosphatides 

Soaps 
Squalene 
Triglycerides 
Waxesi 

Ki 

0-0.007 

56 

53 

50 

16 

85 

50.0-100 

IO-U5 

22-58' 

k-6k 

l*-58 

10-2o5 
1*0-66 

28 

5^  , 
0.9° 

IS** 

/l/  The  data  on  sebum  are  not  available  in  mg  per  kg  body  weight  per  day,  and  are  therefore  presented  in 
grams  ger  100  grams.  /2/  Ranges  are  averages  of  ranges  of  values  reported  in  the  literature  cited.  They  may 
be  considered  to  be  equivalent  to  estimate  "d"  of  the  955t  range  (cf.  Introduction).  /5/Age  8-12  yr.  /k/Fram 
forearms  only.     /5/  Age  10  months.   /6/lndividual  samples  from  forehead.     /7/   Include  esters  of  cholesterol. 
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115.     EXCRETION  Of  VITAMINS  AND  HORMONES:    MAN 


Because  of  the  high  degree  of  variability  in  rate  of  s«eat  formation,  ranging  from  zero  under 
some  conditions,  up  to  as  high  as  12  liters  per  day  in  extremely  hot  climates,  it  has  not  been 
practicable  to  present  data  on  excretion  via  sweat  in  terms  of  "per  kg  body  weight  per  day". 


Constituent 


Excreted  in  Urine 


tjg/kg  body  -..-t/da 


Value 


Range-" 


m 


Excreted  in  Feces 


Hg/kg  body  irt/da 


Value 


imi 


R angel 


HI 


Excreted  in  Sweat 


Ug/lOO  ml 


Value 


TfT 


Rcingel 


m 


im 


Vitamins 


li  Vitamins  A,  D,  K 
2  Ascorbic  acid 

5  Biotin 
U]  Carotenes 

Choline 

6  Cobalamin-' 

7  Vitamin  E^ 

8  Folic  acid  group' 

9  Inositol 
10|  Nicotinic  acid 

111  N-Methyl  nicotinamide 
12  Pantothenic  acid 
15  Para-aminobenzoic  acid 
Ik   Pyridoxine 

15  Pyridoxal 

16  Pyridoxamine 

17  U-Pyridoxic  acid 

18  Riboflavine 

19  Thiamine 
20|  Trigonelline 


380 
O.lt 


90 


0-trace 
130-790 
0.33-0.75 

80-130 


o.oooi^  0.00023-0.00079 


0.2 
170 


130 
2.11 
3.0 

1.6 
51 
11^.3 

2.6 


0.03-0.5 

170-220 

11-105 

75-1+00 
20-100 

2-5 

O.OO7-O.OO98 
0.7-5.'+ 

0.5-2.1 

9-160 

0.2-22.5 

0.1*5-5.6 

50-500 


70 
1.9 


508 
k.3 


52 


31.'* 
5.5 
5A 


li*.7 

7.8 


60-70 
0.65-6. 61* 
20-600'* 


226-591 
1.8-7.7 

12-12I* 


5.85-65.1* 
1.01-8.2 
2.1*-10.1* 


8.0-25 
0.67-18 


tracer 


0.6 

21 


5.8 
0.21* 
0.081* 
5.2 


0.015 


0-2002 


2.7-15.5 


0.55-0.88 

15-56 

7-22 


2.2-l*.l* 
0.08-1.7 
0.08-0.18 

0.1*-8.25 


0-0.5 
0-0.6 


Hormones 


21  Androgens 

22  Estrogens 
25  Formaldehydogenlc  steroids 

21*1  LY-Ketostei-oids       Id'l60;9100 
25j  Oxycorticosteroids    I 


50-100 

0.1-0.5 

5-ll*0 

1.0-6.0 


/l/  Ranges  are  averages  of  ranges  of  values  reported  in  the  literature  cited.  They  may  be  con- 
sidered to  be  equivalent  to  estimate  "d"  of  the  95/^  range  (cf.  Introduction).  /2/  Ascorbic 
and  dehydroas corbie  acid.  /5/  Present  but  not  quantitated.  /!*/  Carotene  and  xanthophyll;  8-100 
jig/kg  body  wt/da  for  xanthophyll  alone.  /5/  A  generic  term  including  cyanocobalamin  (vitamin 
B12)  3-'i<^  i^s  hydrogenation  product  (known  variously  as  6^23  °r  Bj^2b^  which  has  approximately  the 
same  biological  activity.  /6/  A  generic  term  for  alpha-,  beta-,  delta-,  and  gamma-tocopherols . 
/7/  Folic  acid  is  not  a  chemical  entity,  but  a  generic  term  for  pteroylglutamic  acid  (folacin), 
vitamin  M,  vitamin  B,,,  factor  U,  L.  casei  factor,  Norite  eluate  factor. 
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117.     EXCRETION  OF  ELECTROLYTES  AND  MINOR  MINERALS: 

MAN 

Because  of  the  high  degree  of  vaxiabllity  in  rate  of  sweat   formation,   ranging     from  zero  under 

some   conditions,   up  to  as  high  as   12  liters  per 

lay  In  extremely  hot   climates.   It  has  not  been 

practicable  to  present  data  on  excretion  via  sweat  In  terms  of  "per  kg  body  weight 

per  day"  .        | 

Constituent 

Excreted  In  Urine 

Excreted  in  Feces 

Excreted  In  Sweat 

per  kg  body  wt/da 

per  kg  body  wt/da 

per  100  ml 

Value 

Rangel 

Value 

Rangel 

Value 

Rangel 

(AJ 

(B) 

(C) 

(D) 

(E) 

^F) 

(G) 

1 

Aluminum,   ^g 

0.7-1.6 

0.6 

2 

Ammonia^,   ^ig 

9,200 

1*,  900- 18, 200 

560-1,200 

2,500-55,000 

5 

Arsenic,   ug 

0.1*6 

0-1.15 

55 

1-116 

k 

Bromine,    \xe 

12-110 

5 

Calcium,   tig 

2,900 

1,100-1*,  910 

7,1*90 

5,000-10,000 

2,060 

100-5,500 

6 

Chlorine^,  mg 

115 

8l*-193 

0.21-0.5 

50-500 

7 

Cobalt,   tig 

O.OT 

0.05-0.12 

0.007 

0.002-0.02 

8 

Copper,   ug 
Fluorine'*,   jig 
Iodine",  (ig 

2.58 

0-7.52 

27 

25-37 

6.0 

9 

6.7-1005 

10 

1.1* 

0.2-2.15 

0.8 

0.5-1.2 

u 

Iron,   ug 

0.7 

0.7-1.1* 

120 

65-208 

27 

22-1*5 

12 

Lead,   ^g 

0.5 

0.06-2.1 

1*.2 

2.2-19.8 

13 

Magnesium,   |ig 

1,850 

950-1*,  500 

2,500 

1,510-5,185 

200 

11*0-1*,  500 

11* 

Manganese,   ug 

0.095-1.'* 

18-120 

6 

3-7 

15 

Mercviry,   ^g 

O.OOT-0.01 

O.ll* 

le 

Nickel,   Mg 

2.1 

2-1* 

1.2-2.5 

17 

Nitrates,   ^g 

7,1'*0 

18 

Phosphorus ,  mg 

15 

10-19 

9.86 

7.1-20 

1.5 

0-1*. 8 

19 

Potassium,  mg 

3h 

ll*-l*6 

6.7 

21-126 

20 

Selenium,   ^g 

1 

0-5.5 

21 

Silicon,   ug 

108 

ll*-200 

2S 

Silver,   ^ig 

0.8 

23 

Sodium,   mg 

1*6 

58-91 

1.7 

29-291* 

21* 

Sulfur,   total,   mg 

16.5 

1*-1*0 

2.0 

0.7-7.1* 

2^ 

Sulfur,   ethereal,  mg 

1 

0.6-1*. 5 

26 

Sulfur,   Inorganic,  mg 

12.5 

5.5-18.25 

21 

Sulfur,   neutral,   mg 

1.9 

1.0-5.0 

28 

Tin,   ug 

0.15-0.51 

170-1*50 

29 

Zinc,   ^g 

l».6 

1-6.1* 

101 

1*6-500 

/l/  Ranges  are  averages  of  ranges  of  values  reported  in  the  literature  cited.  They  may  be  con- 
sidered to  be  equivalent  to  estimate  "d"  of  the  951^  range  (cf.  Introduction).  /2/  See  also 
table  on  excretion  of  nitrogen  campovinds.  /5/  Chloride,  /h/  Fluoride.  /5/  Data  Include  regions 
in  Texas  where  dental  fluorosis  Is  endemic.   /6/  Iodide.  /7/  For  ages  8-12  yr. 
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118.     PRODUCTS  OF  CARBOHYDRATE  METABOLISM:    MOLDS 

?roductE  listed     Include  only  compoimdR   (both  diffusible  and  confined  to  the  mycelium)  which  are  produced  on 

media  containing     glucose  or  sucrose,     by  the  more  comion     fungi    (Hicor,  Rhizopus,   Aspergillus,   Penicillium, 

Altemaria,  Helminthosporixmi) .     The  well-known  antibiotics  have  been  emitted.       The  organisms  listed  do     not 

constitute  the  only  species 

producing  the  ccmpound,   but  rather  the  more  common  ones   in  many  cases,   or  those 

used  industrially.     Most  figures  on  yield  are  approximate,  as  they  are  frequently     based  on  weights  of  crude 

product,  or  of  pure  material  after  losses  in  p>irlficatlon.       Strains  of  one  species  may  differ  widely  as  re- 

gards yield. 

1 

Metabolic  Product 

Produced  By 

Ttleld 

(A) 

(B) 

(C) 

1 

Organic  Acids,  Aldehydes,  Alcohols  and  Related  Compounds 

Acetaldehyde 

Various  Penlclllia,  Aspergllli,  A.   nlger,  Macor 

Up  to  60^  of  theory  when  grown  on 

species,  and  many  other  genera.By  fixation  with 

sucrose  with  Aspergillus  niger. 

intercepting  agents. 

2 

Acetic  acid 

Fomes  nnnnsus,  Marasmius  chordalls,  Merullus  con- 

0.6^  -   0.9^  of  glucose  used  for 

fluens,  M.    lachrymans,  M.    niveus,  M.   tremello- 

Merullus  lachrymans  and  Maras- 

SUB. 

mius  chordalis. 

3 

Aconltic  add 

Aspergillus  niger. 

It 

Ascorbic  acid 

Aspergillus  nlger. 

0.256  of  the  glucose  consumed. 

E 

Byssochlamic  acid 

Byssochlamys  fulva. 

0.5^  of  the  glucose  consumed. 

6 

Garlic  acid 

Penicillium  charlesll. 

Up  to  l.l^t  of  the  sugar  consumed. 

7 

Carloslc  acid 

Penicillium  charlesii,  P.   dneraacens. 

Up  to  0.36lt  of  the   sugar  consumed. 

8 

Carollc  acid 

Penicillium  charlesii. 

Up  to  1.51451  of  the  sugar  consumed. 

9 

Carollnic  add 

Penicillium  charlesll. 

Up  to  0.95t  of  the  sugar  consumed. 

LC 

Clavacin^   (clavlformin  or 

Aspergillus   clavatus,   Penicillium  expansum. 

2.2^  of  glucose  added. 

patulin) 

P.    claviforme,  P.   patulum. 

U 

Clavatol 

Aspergillus  clavatus. 

Small  amount. 

L2 

Citric  acid 

Citromyces,   Penicillium  luteum,   P.    citrinum, 
P.    splnulosum,   Aspergillus  niger,  A.    clavatus, 
A.    Itaconlcus,  A.  wentil,  Mucor  pyriformis, 
many  other  species.      Conmerdal  production 
on  beet  and  cane  molasses.      Submerged  produc- 
tion possible  but  not  yet   comiercially  success- 
ful. 

Penicillium  cycloplum  Westllng  var.   album 

As  high  as  90^  of  theory. 

13 

Cyclopaldic  acid 

0.9Tf,  of  dry  mycelium. 

C.   Smith. 

Ll. 

Cyclopolic  acid 

Penicillium  cycloplum  Westllng,  P.    cycloplum 

5.'t5i  of  dry  ovceliini  in  P.    cyclo- 

Westllng var.    album  G.   Smith. 

plum  Westllng;    1.651t  of  dry 
mycelium  in  P.    cycloplum  var. 
album. 

L^ 

Dehydrocarollc  acld^ 

Penicillium  cinerascens. 

3%  of  the  glucose  consumed. 

it 

Dihydrogladlollc  acid 

Penicillium  gladioli. 

3UO  mg/llter  of  Rmilln  -  Thom 
medium. 

n 

Dimethyl  pyruvic  acid 

Aspergillus  nlger.      In  presence  of  sodium  siilfite 

as  interceptor. 

l8 

i-Erythritol 

Penicillium  brevi-ccDpactimi,  P.   cycloplum. 

O.lf  ot  the  weight  of  the  organism. 

IS 

Ethyl  acetate 

Penicillium  digitatum 

0.651  of  the  sugar  consumed. 

2C 

Ethyl  alcohol 

Fusarium  species,  Hicor  species,  Merullus 

Stoichiometric     yield     with 

species,   various  Penlclllia  and  Aspergllli, 

Fusarla,      Merullus     species. 

Fomes  annosus.     Production  much  slower  than  by 

Fomes  annosus  grown  on  hexoses 

yeast. 

and  pentoses. 

il 

L-Ethylene  oxide  a,   p 

Manilla  formosa  n.    sp. ,  Penicillium  viniferum 

10-15^  yield  from  various  sub- 

dicarboxylic acid 

n.    sp. ,  Aspergillus  fumlgatus. 

strates;   hexoses,  hexah:.dric  bJ- 
cohols,  pentoses,  pentahydrlc 
alcohol,  erythrltol,2,},  butylene 
glycol,  glycerol,  acetate  and 
alcohol. 

22 

Formic  acid 

Aspergillus  oryzae. 

?3 

Fumaric  acid 

Various  species  of  Rhizopus;   Aspergillus  flmia- 

^Of  of  theoretical  yield 

ricus,   Penidllium  gri seofulvum ,  Caldarloniyces 

after  50  days. 

fumago.     Most  species  other  than  Mucorales  give 

gmni 1   amounts. 

?l4 

Fumaroalanide 

Penicillium  retlculosum. 

3.5g  from  1750 g  glucose  furnished. 

3c 

Fumigacln^ 

Aspergillus  fumlgatus,  A.   fumlgatus  mut.  helvola 

0.02  -  O.155I  of  the  glucose  added. 

It 

Gentisic  acid 

Penicillium  grlseofulvum. 

0.151  of  the  glucose  consumed. 

?7 

Gentlsyl  alcohol 

Penicillium  patulum. 

2.55t  of  the  glucose  added. 

?8 

Gladioli c  acid 

Penicillium  gladioU. 

9"*  mg/llter  of  Raulin-Thom  medium. 

?9 

Glaucic  acid 

Aspergillus  glaucus. 

50 

Glauconlc  acid 

Green  Penidllium  sp. 

2051  of  a  mixture. 

/l/  Possesses  antibiotic  properties  but  is  not  in  clinical  use.  /2/  See  also  Carollc  add. 
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118.     PRODUCTS  OF  CARBOHYDRATE  METABOLISM:    MOLDS  (Continued) 


Metabolic  Product 


Produced  By 


IcL 


HE 


HE 


Organic  Acids,   Aldehydes,   Alcohols  and  Related  Compounds   (cont'd) 


51  Gluconic  acid 

}2  Glucose 
55  Glucosone 


J'4  Glutaconlc  acid 
5;   Glutaric  acid 
56  Glycerol 


57  Glycolic  acid 
56  Glycuronic  acid 
59  Glyoxyllc  acid 

idl  2-Hydroxymethyl-fu*-ane-5- 

carboxylic  acid 
H  Itaconlc  acid 
»3  Itatartaric  acid 

T-Ketopentadecoic  acid 

Kojic  acid 

i'   D-Lactic  acid 


'*6   Malic  acid 


i^  Malonic  acid 
Itq  Mannitol 


^9  Hannonlc  acid 


5d  Mellein?  (ochracin) 

51  Methyl  glyoxal 

%  Methyl  salicylic  acid 

5'  r-Methyl  tetronic  acid 

^  Minioluteic  acid** 

5;  Hycophenolic  acid 

5f  Oxalic  acid 


yi   Palitantin 

5£  Penicilllc  acldl 

55  Penici  Ilium  brevlcompactum 

acids:  1 
5C  Penicillium  brevlcompactum 

acids:  II 
5l  Penicillium  brevlconpactun 

acids:  HI 
S£)  Penicillium  brevicampactum 

acids:  IV 
53  Propionic  acid 
si  Pubeiullc  acid5 


Si   Puberulonic  acid? 
56  Pyruvic  acid 


Penicillium  chrysogenum,  P.  luteum,  P.  purpuro- 

genum,  Aspergillus  species,  l-'usarium  lini 

Bolley. 
Aspergillus  niger.  From  tartaric  acid,  lactic 

acid,  mannitol  and  quinic  acid. 
Aspergillus  parasiticus, 

A.  f lavus . 

Aspergillus  niger  strains. 
Aspergillus  niger  strains. 

Mucor  racemosus,  Aspergillus  wentii  ,  white  Asper- 
gilli,  Clasterosporium  and  Heljiiintho&porium. 

Aspergillus  niger  (from  acetate). 

Ustulina  vulgaris. 

Aspergillus  niger  (from  acetate),  Merulius 

lachrymans . 
Aspergillus  glaucus,  A.  clavatus,  A.  niger , 

A.  oryzae,  A.  wentii. 
Aspergillus  terreus,  A.  itaconicus. 
Aspergillus  terreus  mutant. 
Penicillium  minlo  luteum,  P.  spicullsporum. 
Aspergillus  flavus  -  oryzae  -  tamarii  group, 

A.  wentii. 
Practically  confined  to  Mucorales.  Various 

Rhizopus  species,  i.e.,  R.  stolonifer,  oryzae, 

Japonicus,  tritlci,  arrhizus.   Fumaric  acid 

produced  by  altering  conditions. 
White  species  of  Aspergillus,  A.  flavus,  Clas- 
terosporium sp.   Accompanied  by  succinic  and 

fumaric  acids. 
Penicillium  funiculosum. 
White  species  of  Aspergillus,  many  Aspergilli, 

Byssochlamys  fulva,  Penicillium  grlseofulvum. 

Hot  produced  from  fructose. 
Penicillium  purparogenum  var.  rubrisclerotium. 

On  D-mannose. 

Certain  Aspergillus  niger  strains.     On  mannose. 

Certain  A.    niger  strains.     On  galactose. 
Aspergillus  melleus,  A.   ochraceus. 
Aspergillus  niger.      On  hexosediphosphate. 
Penicillium  grlseofulvum,  P.   flexuosum. 
Penicillium  charlesii. 
Penicillium  minio-luteum 

Penicillium  brevl-corapactum,   P.   stolonlfenmi. 
Cltromyces,  Aspergillus,   Penicillium  and  many 

other  genera.      Can  be  produced  more  economi  - 

cally  by  other  methods. 
Peniclllliim  paiitans 

Penicillium  cycloplum,   P.   puberulum,   ABpergllll. 
Penicillium  brevi-conq>actum. 

Penicillium  brevi-compactum, 

Penicillium  brevi-coiiq}actuffl. 

Penicillium  brevi-compactum. 

Botrytls  clnerea.   On  lactate. 
Penicillium  puberulum. 

Penlcl}.llum  puberulum. 

Aspergillus  niger  (In  presence  of  sodium  sulfite 
as  Interceptor) ,  Fusarla. 


Practically  quantitative  conver- 
sion in  2k   hours. 


85t  from  glucose. 
13-175t  from  sucrose,  maltose, 
starch. 


Usually  small  amounts;  some 

species,  J^t  of  the  glucose  con- 
sumed. 

Traces . 

Traces . 


As  high  as  50^  of theoretical  yield 
l.y^   of  glucose  added. 
2.5^  of  the  glucose  consumed. 
'»5-55lt  in  12  days.  65-6656 

reported. 
Up  to  62^  with  R.    oryzae,   59-'»OJt 

with  R.    Japonicus. 


Fair  yields  by  submerged  growths 
when  growing  at  low  temperatures 


h^-'yO'f,  of  theory. 

9^  yield. 

70l>  yield. 

High  yield. 

500  mg/l  of  medium  on  sucrose. 

16^  of  the  substrate  consumed. 

2.4$  of  the  glucose  consumed. 

Up  to  0.5251  of  the  sugar  consumed. 

2.55t  of  the  glucose  consumed. 

0.955t  of  the  glucose  consumed. 

50^1  of  the   sugar  consumed. 

About  1%  of  the  glucose   consumed. 
k.2'f>  of  the  glucose  consumed. 
0.95t  of  the  sugar  consumed. 

O.l^t  of  the  sugar  consumed. 

0.9^  of  the  sugar  consumed. 

0.055(  of  the  sugar  consumed. 


0.66$  of  the  glucose  consumed. 
( crude ) . 

8.2$  of  the  glucose  consumed. 


/l/  Possesses  antibiotic  properties  but  is  not  in  clinical  use.  /5/  Converted  to  methyl  salicylic  acid  on  KOH 
fusion.  /U/  Related  to  spicullsporic  acid.   /5/  Tropolone  derivative. 
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118.  PRODUCTS  OF  CARBOHYDRATE  METABOLISM:  MOLDS  (Continued) 

Metabolic  Product 

Produced  By 

Yield 

(a) 

(b) 

(c) 

67 

OrganJ 

c  Acids,  Aldehydes,  Alcohols'  and  Related  Compounds 

(concluded) 

Saccharic  acid 

Aspergillus  nlger. 

68 

SorbiciUin 

Penlcilllum  notatum. 

69 

Splculoaporic  acid6 

Penlciniuni  splcullsporum,  P.  craterlforme,  P. 
minlo-luteiim. 

Approx.  2^  of  the  sugar  utilized. 

70 

Stipltatlc  acid5 

Penlcilllum  stlpltatum. 

Up  to  35t  of  the  sugar  consumed. 

71 

Succinic  acid 

Mucor  stolonlfer,  Aspergillus  terreus,  UstuUna 

Yields  very  small,  except  for 

vulgaris,  Penlcilllum  aurantio-vlrens,  P.  splc- 

Fusarlum  species. 

ulosporum,  Fusarlum  oxysporum,  heterosporum 

and  llnl  Bolley,  Fomes  annosus,  Merullus  con 

fluens,  M.  nlveus,  M.  tremellosus. 

72 

Sulochrin 

Oospora  sulphureaochracea. 

55t  of  the  mycelium. 

75 

Terreln 

Aspergillus  terrexis. 

(crude)  2-5^  of  the  glucose  con- 
sumed. 

Ik 

Terrestrlc  acid  (ethyl 
carollc  acid) 

Penlcilllum  terrestre. 

Z.h^  of  the  sugar  consumed. 

75 
76 

Ustlc  acid 

Aspergillus  ustus. 

0.6^  of  glucose  added. 

Pigments 

Alboleersln  (colorless)^ 

Helmlnthosporlum  leersll. 

I.U^  of  mycelial  weight. 

77 

Aurofusarln 

Fusarlum  culmorum,  F.  graminearum. 

Up  to  U.U^  of  mycelial  weight. 

78 

Auroglaucln 

Aspergillus  glaucus  sp. 

More  than  1}^  of  the  dry  growth. 

79 

3-Carotene 

Neurospora,  Mucor  hlemalls,  Phyconyces  blakes- 
leanus. 

Traces . 

80 

r-Carotene 

Allomyces  species. 

Traces . 

81 

CEirviolacln 

Penlcilllum  roseopurpureum  (P.  carmlnoviolaceum) . 

5.0^  of  mycelium  (crude  pigment). 

82 

Carvlolin 

Catenaxin"  (1-hydroxy- 

Penlcilllum  roseopurpureum  (P.  carmlnoviolaceum). 

50^  of  mycelium  (crude  pigment). 

85 

Helmlnthosporlum  catenarlum,  H.  gramlneum,  H. 

As  much  as  10$  -  U0$  of  the  myce- 

emodln) 

velutlnum,  H.  trltici-vulgaris. 

lial  weight  in  Helmlnthosporlum 
gramlneum,  20$  in  H.  catenarlum. 

8lt 

Chrysogenln 

Penlcilllum  chrysogenum. 

85 

Chrysophanlc  acid 
( chrysophanol) 

Penlcilllum  Islanrticum. 

0.1$  of  dried  mycelium. 

86 

Cltrinlnl 

Penlcilllum  cltrlnum,  Aspergillus  terreus. 

5.1i$  of  the  sugar  consumed. 

87 

Cltromycetln 

Cltromyces  glabrum  (Penlcilllum  frequentans 

group) . 
Fusarlum  culmorum,  F.  graminearum. 

As  much  as  20$  sugar  metabolized. 

88 

Culmorin  (colorless) 

Up  to  U.6)t$  of  the  mycelium.  Iso- 

lated along  with  aurofusarln. 

89 

CynodontlnS 

Helmlnthosporlum  cynodontls,  H.  euchlaenae, 
H.  avenae. 

Up  to  1». 2$  of  mycelium 

90 

Emodic  acid 

Penlcilllum  cycloplum. 

0.1$  (as  acetyl  derivatl»e)  of 
glucose  supplied. 

91 

Ergochrysin 

Sclerotium  davus. 

92 

Ergoflavln 

Sclerotlum  clavus. 

93 

Erythroglaucln 

Aspergillus  glaucua  group,  15  species. 

0.25$  of  the  mycelium  (pure). 

9it 

Flavoglaucln 

Aspergillus  glaucus. 

More  than  25$  of  the  dry  growth 
weight. 

95 

Fiilvic  acid 

Penlcilllum  grlseofulvum,  P.  flexuosum. 

15-20$  of  the  mycelium,  2.7*  of 

P.  brefeldianimi. 

the  glucose  consumed. 

96 

Fumlgatln 

Aspergillus  fumlgatua. 

0-35$  of  the  glucose  consumed 
(crude  material). 

97 

Funlculosln  (trlhydroxy- 
methyl - anthraqulnone ) 

Penlcilllum  funlculosum. 

98 

Fusarubln 

Fusarlum  solanl 

On  sucrose  25  mg/liter  of  medium. 

99 

HelmlnthosporlnT 

Helmlnthosporium  gramlneum,  H.  catenarlum,  H. 

As  much  as  22$  -  Uo$  of  the 

trltici-vulgaris,  H.  cynodontls. 

mycelial  wel^t  in  H.  gramlneum. 

100 

(.'-Hydroxy  emodln 

Penlcilllum  cycloplum,  P,  cltreo-roseum,  P. 

0.1/  of  glucose  (tetraacetyl 

cyaneo-fulvum. 

derivative)  supplied. 

LOl 

5-hydroxy-l*  -methoxy- 
toluqulnol-' 

Aspergillus  fumigatus. 

L02 

Islandlcln 

Penicllllum  islandicum. 

3$  of  the  mycelium. 

10} 

Javanlcln 
Luteoleersin^° 

Fusari^an  Javanlcum. 

0.05$  of  the  glucose  added  (pure). 

L04 

aelminthosporlum  leersii. 

1.8$  of  the  mycelium. 

/I/  Possesses  antibiotic  properties  but  is  not  in  clinical  use.  /5/  Tropolone  derivative.  /6/  Related  to  minlolutelc 
acid.  /7/  Related  to  luteoleersin.  /8/  Compare  items  no.  83,  89,  99,  and  12?.  Different  species  of  Helmlnthosporlum 
have  different  proportions  of  these  pigments.   /9/  Reduced  form  of  fumlgatln.   /lO/  Related  to  alboleersln. 
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118.     PRODUCTS  OF  CARBOHYDRATE  METABOLISM:    MOLDS  (Continued) 

Metabolic  Product 

Produced  By 

Yield 

(a) 

_     JB)    _ 

(C) 

L05 

Pigments   (concluded) 

Lycopersln 

Fusarlum  lycoperslcl. 

L06 

Monascoflavln 

Ktonascus  purpureus. 

LOT 

Monascorubrin 

MonascUE  purpureus. 

108 

Nal^lovensin 

Penlcllllimi  nalglovensis. 

Ijt  of  dry  mycelium. 

L09 

Oosporeln 

Oospora  colorans. 

9.5^  of  the  substrate  added. 

LIO 

Oxy-Javanlcln 

Fusariiim  Javanlcum. 

0.02$  of  the  glucose  added   (pure). 

111 

Penetrlnlc  acid 

Penlcinium  notatum. 

LIS 

Pen! cllll opsin 

PenlcilllopslB   clavarlaefonnls. 

7.55t  of  the  nvcellum. 

L13 

Phoenicln 

Penlcllllum  phoenlceum,  P.    rubrum   (Also  Bacillus 
pyocyaneus) 

1.2$  (pure)   of  mycelium. 

ak 

Physclon   (Emodln 
monomethyl  ether) 

Aspergillus  glaucus   species. 

0.65$  of  the  mycelium  (pure). 

Li; 

Physclon  anthranol  A  ('t,5 
dihydroxy-7-methoxy-2- 
methyl-9-anthranol) 

Aspergillus  glaucus. 

Very  small  amount. 

Ll6 

Physclon  anthranol  B  {h ,^ 
dihydroxy-7-methoxy-2- 
methyl-lO-anthranol) 

Aspergillus  glaucus. 

Very  small  amount. 

L17 

Ravenelln 

Helmlnthosporlum  ravenelll,  H.   turclcum. 

10$  of  the  mycelium. 

Ll8 

Rubrofusarin 

Fusarlum  culmonmi,  F.   gramlnearum. 

Up  to  1.15$  of  mycelial  weight. 
Crude  pigment  up  to  8.7$  of 
mycelial  weight. 

119 

Rugulosln 

Penlcllllum  rugulosum. 

120 

Solnnione 

Fusarlum  solanl  D2  purple. 

L21 

Splnulosln   (6-hydroxy- 

Penlcilllujn  splnulosum,  P.    cinerascens,  Asper- 

0.11$ of  the  glucose  consumed 

fumlgatln) 

gillus  fumlgatus. 

(A.   fumlgatus). 

L22 

Tetrahydrophoenlcln 
( leucophoenicln) 

Penlcllllum  rubrum. 

L23 

Trltlsporln° 

Helmlnthosporlum  trltlcl-vulgarls,   Helmlntho- 

1.1*$ of  the  mycelium. 

1214 

sporlum  species. 

Chlorine  -   containing  Compounds 

Caldariomycln 
Erdln^-"- 

Caldarlomyces   fumago. 

0.U$  of  the  glucose  consumed. 

L2; 

Aspergillus  terreus. 

0.6$  of  the  sugar  consumed. 

L2£ 

Geodinll 

Aspergillus  terreus. 

0.6$  of  the   sugar  consumed. 

L27 

Grlseof>il\rln-'- 

Penlcllllum  grlseofulviim,  P.   Janczevskll. 

2$  of  the  mycelium. 

L28 

Nalglolaxlnl2 

Penlcllllum  nalglovensis. 

0.18$  of  dry  mycelium. 

L25 
LJO 

Sclerotlorlne 

PenlclUlum  sclerotlorum. 

2$  of  the  mycelium. 

Polysaccharides 

CapreollnoselJ 

Penlcllllum  capreollnum. 

L}1 

Glycogenl'* 

White  species  of  Aspergillus,   Penlcllllum 

(red-brown  I2  color) 

dlgltatum. 

L5£ 

Gums 

Oldlum  sp. ,   Penlcllllum  lactls,   P.   guttulosum, 
Monllla  Candida,  Mucor  racemosus 

38$  on  10$  mannose. 

153 

Levanl5 

Aspergillus  sydowll. 

(from  sucrose  only). 

LJl* 

Lutelc  acid  (Luteo8e)l6 

Penlcllllum  luteum. 

10-12$. 

L55 

Mold  etarchl'* 
(blue  I2  color) 

Penlcllllum  species. 

l}6 

Mycodextranl'* 
(no  I2  color) 

Penlcllllum  expansum,   AsperglHus  nlger. 

2$  of  the  growth. 

L57 

f^cogalactanlT 

Aspergillus  nlger  (produced  along  with 
Mycodextran). 

158 

Polygalactose^f 

Penlcllllum  charlesii. 

Apppox.   U$  of  the  sugar  consumed. 

( galactocaxolose ) 
Polymnnnosel" 

(crude) 

L39 

Penlcllllum  charlesii. 

Approx.   !»$  sugar  consumed   (crude). 

LUO 

Rugulose^T 
Sclerotlose^^ 

Penlcllllum  rugulosum. 

lUl 

Penlcllllum  sclerotlorum. 

10$  of  the  mycelial  weight. 

/I/  Possesses  antibiotic  properties  but   is  not  In  clinical  use.     /&/  Compare  Items  no.   85,  89,  99,  and  123.     Differ- 
ent species   of  Helmlnthosporlum  have  different  proportions  of  these  pigments,      /ll/  Geodln  and  erdln  are   closely  re- 
lated compounds.   /12/  Mono-chloro-nalgloTensln.   /13/  Hydrolysis  yields  mannose,  glucose,   galactose  and  mannonlc  acid. 
/lU/  Hydrolysis  yields  glucose.     /15/  Hydrolysis  yields   fructose.     /16/  Hydrolysis  yields  B-glucose-mcaonlc  acid 
(2:1),  demalonylated  lutelc  acid.     /17/  Hydrolysis  yields  galactose.     /18/  Hydrolysis  yields  mannose. 
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118.    PRODUCTS  OF  CARBOHYDRATE  METABOLISM:    MOLDS  (Concluded) 

Metabolic  Product 

Produced  By 

Yield 

(a) 

(B) 

(C) 

\.k2 

Polysaccharides    (concluded) 

Varlanosel9 

Penicillium  varians. 

Approx.    1^  of  the  glucose  consumed 

l>*i 

(crude  material) 

Sterols   and  Lipids 

Cerebri n 

Aspergillus   sydowil. 

0.1-O.lt^ 

Ikk 

Cerebronylsphingosine 
compounds 

Aspergillus   cltromyces. 

^5 

Ergosterol 

Aspergillus  niger,   A.   oryzae,   Fusarlum  lycoper- 
sici,   F.    linl  Bolley,  Helminthosporium  avenae, 
H.    ravenelli,  H.   velutinum,    Lentinus   lepideus, 
Penicillium  expansum,   P.    puberulum. 

0.15^  -  l.Tf,  of  mycelium. 

ikb 

Ergosteryl  palmltate 

Penicillium  brevi-conpactum,   P.    itallcum. 

0.5^  of  the  growth,  0.6^,  of  the 
glucose  consumed. 

lk^ 

Fat 

All  organisms. 

Various . 

vkt 

Lecithin 

Aspergillus  oryzae   (spores). 

LltS 

Lecithin  and  cephalln 

Aspergillus  sydowil. 

O.U5-0.735t 

1% 

Phosphatides 

Aspergillus  oryzae,  A.    sydowil,   A.    cltromyces 

Ol 

Sterols 

Aspergillus   fischeri,  Penicillium  puberulum. 

0.15^-1.0^  of  the  dry  mycelium. 

L5S 

Paecilomyces  varlotl,   Fusarla 

Nitrogen  Containing  Compounds 

Adenine 

Aspergillus  niger. 

0.05* 

l.t>i 

Aspergillic  acid 

Aspergillus  flavus. 

1*  of  the  carbohydrate  added. 

Li>i) 

Betalne 

Aspergillus  oryzae   (spores). 

l'}t 

Choline   sulphate 

Aspergillus  sydowii   (from  hydrolysis  of  nycelium) 

L>t 

Hypoxanthine 

Aspergillus  oryzae,   Rhizopus  Japonicus. 

LS7 

Lycomarasmln   (asparagyl- 
glycylhydroxy alanine) 

Fusarlum  lycoperslci 

110  mg/l  of  medium  on  glucose. 

L^ 

Stachydrlne    (n-methyl- 
proline-methyl  betalne) 

Aspergillus  oryzae,  Rhizopus  Japonlcus. 

L5S 

Thiamine 

Fusarlum  llnl  Bolley. 

20  gamnas/gram  of  mycelium. 

LbC 

Urea 

Penicillium  johannloli,  Aspergillus  niger, 
Rhizopus  nigricans. 

LbJ 

Uric  acid 

Aspergillus  oryzae   (spores). 

/19/  Hydrolysis  yields  D-glucose,  D-galactose  and  D-ldose  or  L-altros 
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119.     PRODUCTS  OF  CARBOHYDRATE    METABOLISM  AS  AFFECTED 

BY  CHANGE  IN  pH: 

YEASTS  AND  BACTERIA 

Values   represent  mM  of  product  per  100  mM  glucose   fermenteo 

L.   Higher  value 

3  have  been 

rounded  to  neaxest  whole  number. 

"^^^^       Organism 

Bacillus 

Aerobacter 

Serratia 

Escherichia 

Saccharomyces 

^^^^and  pH^ 
Product             ^s^^ 

subtilis 

aerogenes 

marcescens 

coll 

cerevisiae 

pH6.2 

pH7.6 

pH6.0 

pH8.0 

PH6.I4 

pH7.8 

pH6.0 

PH7.8 

pH3.0 

pH7.6 

(A) 

(B) 

(c) 

(D) 

(E) 

(F) 

(G) 

(H) 

(I) 

(J) 

(k) 

: 

Acetic  acid 

1.2 

12.8 

8.0 

53 

1.9 

h9. 

36 

39 

0.5 

15.1 

c 

Acetoin 

2.7 

3.0 

1.6 

5.8 

1.6 

5-9 

0.1 

0.2 

0 

0.2 

■2 

2,5-Butanediol 

ko 

11.8 

k6 

0 

55 

0 

0.3 

0.3 

0.8 

0.7 

l4 

CO2 

86 

32 

nh 

19.6 

116 

2.2 

88 

1.7 

181 

lif9 

J 

Ethanol 

15-1 

22.3 

57 

61 

^7 

41 

50 

50 

172 

130 

i 

Formic  acid 

16.6 

ko 

0.8 

120 

1^6 

91 

2. If 

86 

0.1+ 

0.5 

1 

Glycerol 

31 

10.3 

3.3 

6.6 

2.2 

9.6 

l.k- 

0.3 

6.2 

32 

£ 

H2 

0.5 

0.3 

71^ 

10. If 

0.8 

0.2 

75 

0.3 

c 

Lactic  acid 

66 

119 

3.h 

9.8 

9.7 

65 

80 

70 

0.8 

l.k 

LC 

Succinic  acid 

0.7 

2.2 

1.8 

9.3 

2.9 

1^.8 

10.7 

llf.8 

0.5 

0.7 

/l/  The  pH  was  electronically  controlled  using  ammonium  hydroxide  to  neutralize  the  acids 
formed. 


120.   PRODUCTS  OF  CARBOHYDRATE  METABOLISM  OF  INDUSTRIAL 

IMPORTANCE:     BACTERIA 

Main  Product 

Organism 

Raw  Materials 
(Substrate) 

Conditions 

(A) 

(B) 

(c) 

(D) 

1   Acetone,   butanol 

Clostridium  aceto- 
butylicum,    etc. 

Molasses,    com, 
starches 

pH  5-7,   37-'+0''C, 
48-78  hours 

2   Butylene  glycol 

Aerobacter  aerogenes, 
Bacillus  polymyxa  and 
certain  other  aerobic 
bacilli 

Grains,   molasses, 
starches 

pH  5-6.5,  30°C, 
3-U  days 

5   Dextran 

Leuconostoc  mesenter- 
oides 

Sucrose 

i  Lactic  acid 

Lactobacillus  del- 
brueckli  and  other 
species;    Strepto- 
coccus lactis,    etc. 

Molasses,   whey 

pH  7,   40-50°C^ 
k2  hours 

5  1- Sorbose 

Acetobacter  sub- 
oxydans 

d- Sorbitol 

28°C,    Ik-k^  hours 

/l/  Has  been  produced 
not  In  progress.      /2/ 


on  a  pilot-plant  scale;    Industrial  production  practicable  but 
The  temperature  depends  on  the  bacterial  species  used. 
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132.     OXYGEN  CONSUMPTION:    NERVE  TISSUE, 
INCLUDING  RETINA 

Values  are  the  cu  mm  oxygen  consumed  per  mg  dry  weight  of  tis- 
sue per  hour  (oxidation  quotient,  -Qog)-  Fresh  tissue  is  im- 
mersed in  a  buffered  mediijm  (phosphate  or  bicarbonate)  in  a 
closed  chamber  containing  oxygen  at  <  1  atmosphere  pressure, 
and  maintained  at  ±57°  C.  The  decrease  in  amount  of  gaseous 
O2,  as  it  is  used  by  the  tissue,  is  measured.  The  minus  sign 
preceding  the  symbol  Qog  indicates  by  convention  that  O2  dis- 
appears. As  the  rate  of  oxidation  is  limited  by  the  amount  of 
oxidizable  nutrient  available  to  the  tissue,  glucose  or  other 
nutrient  may  be  added  to  the  medium. 


Animal  and  Tissue 


6 

7 

£ 

9 
10 

11 


117 


Brain,  chick  embryo 
Cerebral  cortex,  man 
Cerebral  cortex,  cat 
Cerebral  cortex,  dog 
Cerebral  cortex,  guinea  pig 


Cerebral  cortex, 
Cerebral  cortex, 
Cerebral  cortex. 
Cerebral  cortex. 
Cerebral  cortex, 


Cerebral  cortex, 

12  Cerebral  cortex, 

13  Cerebral  cortex, 
lU  Cerebral  cortex, 
I5I  Cerebral  cortex, 

16 
17 
l£ 

19 
20 

21 
22 

23 

2l| 

25 

26 
27 
28 

29 

30 

51 
32 
33 
5^ 


guinea  pig 

monkey 

mouse 

pig,  29-60  da  fetus 

pig,  99  da  fetus 

pig,  birth  to  adult 

pigeon 

rabbit 

rat,  5  da 

rat,  50  da 


Cerebral  cortex,  rat,  adult 
Ganglion,  celiac,  rabbit 
Ganglion,  dorsal  root,  rat 
Ganglion,  trigeminal,  sheep 
Hippocampus,  frog 

Hypothalamus,  rat 
Medulla,  cat 

Medulla,  rat,  5  da 

Medulla,  rat,  50  da 

Medulla,  rat,  adult 

Nerve,  sciatic,  frog 
Nerve,  trigeminal,  sheep 
Retina,  dog 
Retina,  frog 
Retina,  ox 

Retina,  pig 
Retina,  rat 
Spinal  cord,  cat 
Spinal  cord,  frog 


Medium 


HI 


Serum 

Ringer  glucose 
Ringer  glucose 
Ringer  glucose 
Saline 

Saline  glucose 
Ringer  glucose 
Ringer  solution 
Ringer  solution 
Ringer  solution 

Ringer  solution 
Saline  glucose 
Ringer  glucose 
Ringer  glucose 
Ringer  glucose 

Ringer  glucose 

Serum 

Ringer  solution 

Ringer  solution 

Ringer  solution 

Ringer  glucose 
Ringer  glucose 
Ringer  glucose 
Ringer  glucose 
Ringer  glucose 

Ringer  solution 
Ringer  solution 
Ringer  glucose 
Ringer  glucose 
Ringer  glucose 

Ringer  glucose 
Ringer  glucose 
Ringer  glucose 
Ringer  glucose 


-Q02 


m 


25 

6.0-10.3 
8.5-12.2 

6.7 

6.9 

11.7 

J.k-ll.Q 
11.0 
5.5 
6.5 

8.5 

U.6 

7. 3-10. 1^ 

6.2 

114-.7 

8.5-17.1 
k.O 
8.0 
0.5 
2.1+ 

10.4 

3.5 

3A 

9.0 

2.5-4.9 

0.3 
0.5 

20.8 

3.5 
10.7 

17.7 
22.0-32 

1.3 
2.3 
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133.     OXYGEN  CONSUMPTION;    NERVE  TISSUE:    DOG 

Values     are  the  cu  ram  oxygen     consumed  per  mg  mine 

ed     fresh 

tissue  per  hour-'^.   Minced  fresh  tissue  is  immersed  in  a  phos- 

phate saline  mediian  containing  glucose.       Rate     varies  with 

the  mediiim  (cf  Fn  2).        In  general,  values     rise  from  age   1 

week  to  a  peak  at  5-7  weeks.      The  faster  rates  are 

found  in     1 

the  lower     portions  of  the     neuraxis  at  1  week,   and     in  the     | 

upper  parts  in  the  adult. 

r^       ~~^-^      Age 
Tissue  ^"-^-^..^^^ 

1st  Week 

5rd  Week 

5- 7th  Week 

Adult 

(A) 

(B) 

(c) 

(d) 

(e) 

1   Cerebral  cortex 

0.61 

0.68 

1.21 

1.162 

2  Caudate  nucleus 

0.73 

0.96 

1.39 

1.36 

5  Thalamus 

0.76 

0.97 

1.2lt 

1.01 

U  Midbrain 

0,91 

1.11 

1.28 

0.92 

l   Cerebellum 

0.79 

0.87 

0.95 

1.07 

5  Medulla  oblongata       O.96 

1.03 

0.85 

0.69 

7  Spinal   cord                     O.81 

0.95 

0.50 

/l/  Since  fresh  nerve  tissue  contains  approximately  T^%  water, 
values  can  be  converted  to  a  per  mg  dry  weight  basis  by  multi- 
plying by  k.  /2/  Adult  dog  cerebral  cortex  slices,  average  2.3 
in  Ca-free  Ringer-phosphate;  l.k  in  complete  Ringer-bicarbonate; 
and  it.2l^  in  a  Ca-free  phosphate  saline  medium  supplemented  with 
pyruvate,  fumarate,  and  glutamate. 


134.     ANAEROBIC  GLYCOLYSIS.   NERVE  TISSUE:    CAT,  DOG 

Values  are  the   cu  mm  carbon  dioxide  liberated  per  mg  moist  weight  of  minced  fresh 
tissue  per  hour.   In  the  absence  of  oxygen.        Minced  fresh  tissue  is   immersed  in  a 
bicarbonate  medium  with  added  glucose.        COg  values  represent  displacement  of  COg 
from  bicarbonate  by  metabolically  formed  acid.      1  cu  mm  of  carbon  dioxide  corres- 
ponds to  4  tig  lactic  acid.     Individual  determinations  vary  as  much  as  100^. 

^■^^^     Age 

Tissue    ^^v,^ 

Catl 

Dogi 

Less  than 
1  Week 

3-7  Weeks 

Adult 

Less  than 
1  Week 

5-6  Weeks 

5  Months 

Adult 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

(G) 

(H) 

1   Cerebral   cortej 
I  Caudate  nucleus 
5  Thalamus 
1  Corpora 

quadxlgemlna 
;   Cerebellum 

5  Medulla  oblongj 
7  Spinal  cord 

c       O.U5 

,       0.85 

0.85 

1.05 
0.95 

ta  1.37 
0.76 

1.88 
2.21 
2.09 

1.61 
1.09 

1.05 
0.27 

1.782 

2.39 

1.67 

0.60 

0.60 

0.51. 
0.17 

0.U6 
0.75 
l.Ol* 

1.16 
0.9I* 

l.Mt 
0.87 

1.17 
1.57 
1.60 

1.1*8 
0.75 

1.18 
0.38 

1.95 
2.56 
2.U3 

1.57 
I.2U 

0.61 
0.18 

2.25 
2.29 
1.93 

0.85 
0.75 

0.50 
0.20 

/!/  At  one  week  the  highest  rate  of  glycolysis  Is  found  In  the  medulla,  while  in  the  adult 
It  occurs  In  the  caudate  nucleus  and  cerebral  cortex.  In  general,  a  slight  recession  from 
the  maximum  glycolysis  la  observed  In  the  adult.  /2/  It  has  been  verified  that  the  dis- 
placement of  COg  in  measurements  on  the  adult  cat  cerebral  cortex  Is  due  to  the  production 
of  lactic  acid.  It  Is  assumed  that  other  parts  of  the  cat  brain  also  produce  exclusively 
lactic  add  under  these  conditions. 
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137.     CORRELATION  OF  O2  CONSUMPTION  WITH 
BODY  SIZE:    INVERTEBRATES 

A  general  form  of  the  relation  of  oxygen  conBUinptlon  to  body  size:  M  =  bW*^  (M  =  Og  con- 
sumptlon,  W  =  body  wleght,  b  and  a  =  constants).  All  values  In  columns  B  and  D,  except 
IS  and  ID,  are  read  from  smoothed  log- log  plots  of  Og  consumption  against  body  weight,  ac- 
cording to  log  M  =  log  b  +  a  log  W,  or  against  body  length,  if  so  indicated.  Plotting  the 
indicated  values  on  double- logarithmic  paper  and  connecting  them  with  a  straight  line, 
approximate  ved.ues  for  intermediate  sizes  may  be  obtained. 


Species 


Body  Weight 

(mg  or  g) 

or  Length  (mm) 


Temper- 
ature 


O2  Consumption 


m/hr 


Respiratory 
Quotient! 


HI 


HE 


js: 


Protozoa 


Amoeba  (Chaos  chaos) 


0.05  mg 


22.5 


0.008-0.015 


0.82 


Platyhelmlnthes 


Planaria  (Dugesla  gonocephala) 


l*-65  mg      20        1.1-9.82 


0.71 


Nemathelminthes 


Ascarls  (Ascaris  lumbricoides) 


320-7760  mg 


57 


8it-it8o5 


Annelida 


Earthworm  (Lumbricus  spp. ) 
Manure  worm  (Eisenia  foetida) 


200-2500  mg 
12-850  mg 


20 
15 


16.5-212^ 
2.6-575^ 


Mollusca 


Mussel,  freshwater  (Anodonta  cynaea) 
Snail,  Viennese  garden  (Cepaea 

vindobonenls)  120-2650  mg5 

Snail,  land  (Helix,  Helicigona,  Cepaea) 
Snail,  pond  ear  (Radix  auricularla)    12.5-52.8  mm 
Snail,  pond  great  (Lymnaea  stagnalis)  I55O-55OO  mg 

Snail,  pond  great  (L.  stagnalis)  ll»0-1700  mg 
Snail,  ramshom  (Planorbarius  comeus)  1750-5770  mg 
Snail,  ramshom  (P.  comeus)  5.8-52  mm 

55-500  mg 
8.5-5U  mm 


Snail,  ramshom  (Planorbls  spp.) 
Snail,  river  (Vlvlparus  vlviparus) 

Snail,  river  (V.  fasciatus) 


5.5-57  ram 


20 

25 
15 

20 
15 
25 
25 
25 

25 


5. 1-102"*. 6 

59-600'*^ 
60-1002 

11-662 

5l*-1222 

2.U-2252''7 

2.7-20.92 

8.5-1205 

2.5-2U35.7 


1 
0.90 


0.88 
1.00 


0.60 


Arthropoda,  Crustacea 


^6 


Bug,  pill  (Armadillidium  pallasi) 
Bug,  sow  (Oniscus  asellus) 
Bug,  sow  (Porcelllo  scaber) 
Crab,  kelp  (Pugettia  producta) 

Crayfish  (Astacus  astacus) 
Crayfish  (Potainoblus  torrentium) 
Flea,  water  (Daphnia  pulex) 
Isopod,  freshwater  (Asellus  aquatlcus 
Isopod,  freshwater  (A.  aquatlcus) 

Shrimp,  brine  (Artemla  sallna) 


15-160  mg 
6-I6  mm 
6-20  mm. 
rf2. 53-529  g*^ 


0.71-1.10  mm 

U. 5-11. 5  mm 

5-12  mm 

0.55-10  mm 


21 
23 
25 
15 


21 
20 
25 

50 


5.2-16.25 
5-225 
1^-702 
dO. 1*5-11*. 5  ml2»y 


0.91* 
0.95 
1.01 


0.0198-0.0755 
1.6-10.15 
I.8U-II.95 

0.015-11.55 


0.88 


Arthropoda,  Insecta 


r 

27  Cockroach,  oriental  (Blatta  orlentalls 
?8  Mealworm,  yellow  (Tenebrlo  molitor) 
?g  Walking  stick,  oriental  (Dixippus 
I   morORus ) 


6.5-52  mm 
20-220  mg 

8-850  mg 


25 
20 

20 


6.5-800** 
10.2-101'* 

2.6-206"* 


1.06 
0.70 

0.86 


/l/  C02  liberated  +  O2  coneumptlon.  /2/  O2  consumption  varies  as  a  power  of  body  weight  In- 
termediate between  O.67  and  1.0  (cf  Fn  5,1*).  /5/  Og  consumption  varies  as  the  two-thirds 
power  of  body  weight  (i.e.,  wO-67).  /!*/  Og  consumption  varies  with  body  weight  (i.e.,  H^-^). 
/5/  Winter.  Spring,  200-2700  ng.  /6/  Winter.  Spring,  2U-281  cu  mm/hr.  /l/  Values  cor- 
rected by  Krywlenczyk,  J.  /8/  91.6U-119  g.  /9/  Note  change  in  units:  ml/hr.  90.17-12.7 
al/hr. 
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138.  OXYGEN  CONSUMPTION:  ENDOPARASITIC  HELMINTHS 

Tem- 
per- 
ature 

Cu  mm  Og/fflg 

Cu  mm  02/mg 

Species 

Specification 

dry  substance/ 
hrl 

dry  substsmce/ 
hr2 

(A) 

(B) 

(C) 

(D) 

(T.^ 

1 

ParamphlstoniLmi  cervl 

Adiilts 

38 

0.03 

2 

Schistosoma  mansonl 

Pairs 

37.5 

6.0 

8.7 

3 

S.  mansoni 

Males 

37.5 

9.1 

It 

S.  mansonl 

Females 

37.5 

10.7 

5 

Fasciola  hepatica 

Adults 

37.5 

1.9't 

6 

Dlphyilobothrlum  latijm 

Proglottids 

37 

2.7 

15.0 

7 

D .  latian 

Plerocercoids 

22 

0.3** 

0.67 

8 

Monlezla  expansa 

Head  region 

37.5 

1.1 

9 

M.  expansa 

Mature  progl. 

37.5 

0.9 

10 

M.  expansa 

Gravid  progl. 

37.5 

0.6 

11 

Trlchlnella  spiralis 

Larvae 

37.5 

2.35 

2.37 

12 

Strongylus  equinus 

Adults 

38 

3.3 

13 

S.  vxilgarls 

Adults 

38 

3.6 

11+ 

Haemonchus  contortus 

Eggs  (morula) 

30 

9.7 

15 

H.  contortus 

Eggs  (blastula) 

30 

10.7 

i6 

H.  contortus 

Larvae 

30 

12.6 

17 

Ostertagla  clrcumclncta 

Adults 

38 

7.U 

18 

Nematodlrus  spp 

Adults 

37 

5.1 

19 

Nlppostrongylus  murls 

Larvae  (l  day) 

30 

18. U 

20 

N.  murls 

Larvae  (U  days) 

30 

13.0 

21 

N.  murls 

Lstrvae  (12  days) 

30 

9.2 

22 

N.  murls 

Adults 

37 

6.8 
0.56^ 

23 

Eustrongylldes  ignotus 

Larvae 

37 

2k 

Syphacia  obvelata 

Adults 

38 

U.U 

25 

Neoaplectana  glaserl 

Adults 

30 

12.6 

26 

Heterakis  spumosa 

Adults 

38 

U.o 

0.1+2; 

0.59^ 

0.32^ 

0.82^ 

27 

Ascarls  lumbricoldes 

Small 

39 

28 

A.  lumbricoldes 

Males 

37 

29 

A.  lumbricoldes 

Females 

37 

30 

A.  lumbricoldes 

Small 

37 

31 

A.  lumbricoldes 

Leurge 

37 

0.33^ 

32 

Ascaridla  galli 

Adults 

37 

2.5 

/l/  No  glucose.  /2/  In  presence  of  glucose.  /5/  Figures  calculated  from  data  on  dry 
matter  percentage. 
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139.  OXYGEN  CONSUMPTION:   PARASITIC  PROTOZOA 
Data  are  applicable  to  parasitic  protozoa  in  presence  of  glucose. 


Orgeinlsm 


Specification 


Teii5)erature 


m 


Cu  mm  O2 
per  100  million^ 
per  hour 


HI 


lAl 


HI 


1 
2 

3 
1+ 


6 
7 

8 

9 
10 

11 
12 

13 

lU 
15 

16 

17 

18 

19 
20 

21 
22 

23 
2k 

25 

26 

27 
28 

29 


Strigomonas  oncopelti 
S.  fasclcxilata 
Leptomonas  ctenocephali 
Leishmania  tropica 
L.  brasiliensis 

L .  donovani 
Trypanosoma  lewisi 

T.  lewisi 

T.  cruzi 
T.  cruzi 

T .  conorhini 
T.  pipistrelli 
T.  congolense 
T.  evsmsl 
T.  hipplcum 

T .  equinum 
T .  equiperdum 
T.  rhodesiense 
T.  gambiense 
T.  gambiense 

Trichomonas  foetus 
T.  hepatica 
Plasmodium  knowlesi 
P.  knowlesi 

P.  inui 

P .  cynomolgi 

P.  cathemerium 

P.  cathemerium 

P .  lophxirae 


Cultvire 

Culture 
Culture 
Cxilture 
Cultiire 

Cxiltvure 
Bloodstream, 

old 
Bloodstream, 

young 
Bloodstream 
Culture 

Culture 

Cvilture 

Bloodstream 

Bloodstream 

Bloodstream 

Bloodstream 
Bloodstream 
Bloodstream 
Bloodstream 
Culture 

Culture 
Culture 
Rings 
3/U -grown 

segnenters 
Rings ,  amoeb 


Segmenters 
l/U -grown 
3 A -grown 
1/2 -3/U -grown 


28 

28 

28 

32; 37; 28 

28; 32; 37 

37;28;32;25 
37 

37 

28;  57 
28; 52; 57 

28 
50 
37 
37 
37;  58 

37 

28;  57 
28;  57 
37 
28; 50; 57 

28 
38 
38 
38 

38 


38 
38 
38 


27 

3i;'+5;39 
1^2;  52;  65 

58; 18; 27; 44 

69 

50 

hh;  109, 12U 
25;i^3;33 

26 

13 
153 
166 
66; 200 

166 

53;  91, 185 

77; 105, 19^ 

170 

14;58;21 

215 
600 

8 

54 


47 
10 

25 
18 


/l/  Estimated  number  of  organisms.  /2/  Calculated  from  dry  weight  data. 


232 


140.  RATES  OF  RESPIRATION:  LEAVES 

Respiration  in  plant  tissue,  as  in  animal  tissue,  involves  both  consumption  of  Og 

and  evolution  of  COg.  Gaseous  exchange  Is  measured  by  placing  the  tissue  in  a  cali- 

brated chamber  containing  a  gas  mixture  (Og  and  COg)  of  known  composition,  replen- 

ishpri  if  npppRsary,   and  rlptpi-mining  t.hp  alt.pratinn  In  f^oitipnRlt Inn  nf  thp   mivt.iiT-p 

after  a  suitable  time.   Gas  vnlumes  are  expressed  in  cu  mm  of  gas  (at  S.T.P.)  per 

gram  fresh  weight  of  plant  part  per  hour.  Unless  otherwise  specified,   data  are 

applicable  to  the  mature  leaf. 

o 

Carbon 

Oxygen 

Respiratory 

Species 

Ten^jerature 

Dioxide 
Released 

Absorbed 

Quotientl 

oq 

cu  mm/e/hr 

cu  mm/s;/hr 

(A) 

(B) 

(C) 

(D) 

(E) 

1 
2 

Barley  (Hordeum  vulgare) 
Bouncing  bet  (Saponaria 

22.5 

637 

628^ 

1.0 

officinalis) 

21 

U18 

510 

0.8 

3 

Broadbean  (Vicia  faba) 

21 

700^ 

k 

Carrot  (Daucus  carota) 
Corn  (Zea  mays)^ 

22 

U393 

5 

25 

320 

6 

Curly  dock  (Rumex  crlspus) 

256 

152-202 

7 

Ivy,  English  (Hedera  helix) 

iwX)-78o 

8 

Kalanchoe  ( Bryophyllum  sp. ) 

20 

kok 

9 

Laiirel,  cherry  ( Primus 

laurocerasus) 

22.5 

158 
25^ 

10 

Lettuce  (Lactuca  sativa) 

21* 

11 

Potato  (Solanum  tuberosum) 

20 

277^ 

12 

Privet  (Llgustrum  lucidum) 

25 

500-1,200 

13 

Rhododendron  (Rhododendron  sp.)    20 

259 

li+ 

Sedum  (Sedum  dendroideum)!*-' 

18 

12 

29 

O.k 

15 

Snapdragon  (Antirrhinum  ma jus) 

2k 

175 

16 

Spatterdock  (Nuphar  advenum) 

25 

168 

17 

Spinach  (Spinacla  oler6u:ea) 

30 

630 

625 

1.0 

18 

Tobacco  (Nicotlana  tabacim) 

26 

too 

19 

Tomato  (l^rcopersicon  esculentum)    25 

91 

20 

Viburnum  (Viburnum  sp.)           20 

109 

21 

Wandering  jew  (Zebrina  pendula)    25 

38 

22 

Wheat  (Triticum  vulgare) 

22 

935-1,078 

23 

Yucca  (Yucca  gloriosa) 

22.5 

78 

/l/  Refers  to  the  ratio  of  the  volume  of  COg  released  to  the  volume  of  O2  absorbed. 
/2/  Young  leaf  at  25°  C,  I65-295.   /3/  Young  leaf,  1,133-   /V  Data  applicable  to 
young  leaf.   /5/  Recorded  values  represent  data  from  two  different  tests;  there- 
fore, a  respiratory  quotient  is  not  calculated.  /6/  At  20°  C,  125  cu  mm  COo  re- 
leased. /7/  At  0°  C,  1.5;  at  k.f   C,  17.2;  at  15-5°  C,  51.  /8/  At  25°  C,  3l8;  at 
26°  C,  353;  at  29°  C,  37'*.  /9/  Value  applicable  to  winter  leaves.  For  young  sum- 
mer leaves,  56.  /lO/   Data  applicable  to  leafy  stem. 
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141.  RATES  OF  RESPIRATION:  ROOTS,  RHIZOMES,  TUBERS,  BULBS 

Hesplratlon  In  plant  tissue,  as  in  animal  tissue,  involves  both  consunrptlon  of  Oj  and  evo- 
lution of  COg.  Gaseous  exchange  is  meeisured  by  placing  the  tissue  in  a  calibrated  chamber 
containing  a  gas  mixture  (O2  and  CO2)  of  known  composition,  replenished  if  necessary,  and 
determining  the  alteration  in  composition  of  the  mixture  after  a  suitable  time.   Gas  vol- 
umes are  expressed  in  cu  mm  of  gas  (at  S.  T.  P.)  per  gram  fresh  weight  of  plant  part  per 
hour. 

Species 

Temperature 

Carbon 

Dioxide 

Released 

Oxygen 
Absorbed 

Respiratory 
Quotient^ 

°C 

cu  mm/g/hr 

cu  mm/g/hr 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

- 

7 

£ 
9 

10 

11 

12 

13 

lU 
15 

Roots 

Beet,  garden  (Beta  vulgaris) 
Carrot  (Daucus  carota) 
Com  (Zea  mays) 
Pea,  garden  (Plsvnn  sativum) 
Radish  (Raphanus  sativus)^ 

Rutabaga  (Brassica  napobrassica) 
Sweetpotato  (Ipomoea  batatas) 
Turnip  (Brassica  rapa) 
Wheat  (Trltlcum  vulgare) 

15.5 

20 

25 

20 

20 

22 

26.5 
15.5 
22 

7,.5-8.l5 

78 

3^      7 
15.2-20.2' 

15.7^ 

U2I 
k86^ 

1,3389 

1.1 
0.8-0.9 

Rhizomes 

Milkweed,  swamp  (Asclepias  Incarnata) 
Spatterdock  (Nuphar  advenum) 
Sweetflag  (Acorus  calamus) 

25 
25 
25 

3k 
26 
31* 

Tubers 

Potato  (Solanum  tuberosum) 

20.2 

6.6^°'^^ 

11.9 

0.5 

Bulbs 

Onion  (Allium  cepa) 
Tulip  (Tulipa  sp.) 

21 
25 

7.1-9.6^'^ 

3 

20 

/l/  Refers  to  the  ratio  of  the  volume  of  COg  released  to  the  volume  of  Og  absorbed.  /2/  Data 
applicable  to  root  slices.  /5/  At  0°  C,  2.5;  at  U.50  c,  U.J.  /h/  At  0°  C,  2;  at  U.50  c,  3.3; 
at  15.5°  C,  8.6.  /5/  At  250  c,  56-U3.  /6/  Value  applicable  to  primary  root  tip,  3  days  after 
germination.  For  adventitious  root  portions  (root  tips  not  included),  2  weeks  after  germina- 
tion, 82.  /7/  At  U. 50  c,  2-5.  /8/  At  0°  C,  0.2;  at  U. 50  c,  1.3.  /9/  Value  applicable  to 
root  tip.  For  rootlet.  In  growth  zone,  1,200;  for  rootlet,  in  root  hair  zone,  3OI-625.  /lO/ 
At  150  c,  2-3.  /ll/  Immature  tuber  at  20O  c,  I6.8.  /l2/  At  0°  C,  2.0;  at  10°  C,  h.  /15/ 
At  250  C,  9  cu  mm  O2  absorbed. 
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142.  RATES  OF  RESPIRATION:  SEEDS 

Respiration, in  plant  tissue,  as  in  animal  tissue,  involves  both  consumption  of  O2  and 
evolution  of  CO2.   Gaseous  exchange  is  measured  by  placing  the  tissue  in  a  cali- 
brated chamber  containing  a  gas  mixture  (O2  and  CO2)  of  known  composition,  replen- 
ished if  necessary,   and  determining  the  alteration  in  composition  of  the  mixture 
after  a  suitable  time.   Gas  volumes  are  expressed  in  cu  mm  of  gas  (at  S.T.P.)  per 
gram  fresh  weight  of  seeds  per  hour.   Unless  otherwise  specified,  data  are  appli- 
cable to  seeds  with  imbibed  water. 

Species 

Temperature 

Carbon 

Dioxide 

Released 

Oxygen 
Absorbed 

Respiratory 
Quotientl 

°C 

cu  mm/g/hr 

cu  mm/g/hr 

(A) 

(B) 

(C) 

(D) 

(E) 

1 

2 
- 
h 
5 

6 

7 

8 

9 
10 

11 

12 

13 
Ik 

Apricot  (Prunus  armeniaca) 
Barley  (Hordeum  distichum) 
Broadbean  (Vicia  faba)3 
Cherry,  sour  ( Prunus  cerasus) 
Hawthorn  (Crataegus  sp.) 

Juniper,  common  (Juniperus 

communis)       _ 
Oat  (Avena  sativa) 
Pea,  garden  ( Pi sum  sativum) 
Peach  (Prunus  persica) 
Plimi  (P.  domestica) 

Pumpkin  (Cucurblta  pepo) 
Rye  (Secale  spp.)5 
Sorghvmi  (Sorghum  vulgare) 
Wheat  (Triticum  vulgare)5 

20 

29 
21 

20 
20 

25 
20 
2k 
20 
20 

20 

20^ 

Ik' 

k^6 

!+23 
0.001 
0.002' 
0.0029 

70 
73 

63 
1+2 

91^ 

56 
k9 

1.0 

/l/  Refers  to  the  ratio  of  the  volume  of  CO2  released  to  the  volume  of  O2  absorbed. 
/2/  Air  dry  seeds  at  20°  C,  O.OOI./3/  Data  applicable  to  germinating  seeds,  /k/   Air 
dry  seeds  at  25°  C,  0.?.   /5/  Data  applicable  to  air  dry  seeds.   /6/  Air  dry  seeds 
at  150  c,  0;  freshly  harvested  at  15°  C,  101.   /?/  Air  dry  seeds,  0.0001.   /8/  Germ- 
inating seeds  at  16.50  C,  IO8  cu  mm  Op  absorbed.   /9/  Germinating  seeds  at  I6.50  C, 
58. 
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145.  RATES  OF  RESPIRATION:  FUNGI.  LICHENS 

Respiration  in  plant  tissue,  as  in  animal  tissue,  involves  both  consumption  of  Og 
and  evolution  of  COg.  Gaseous  exchange  is  measured  by  placing  the  tissue  in  a  cal- 
ibrated chamber  containing  a  gas  mixture  (Og  and  COg)  of  known  composition,  re- 
plenished if  necessary,  and  determining  the  alteration  in  composition  of  the  mixture 
after  a  suitable  time.   Gas  volumes  are  expressed  in  cu  mm  of  gas  (at  S.T.P. )  per 
gram  dry  weight  (unless  otherwise  specified)  of  plant  material  per  hour. 

Species 

Temperature 

Carbon 

Dioxide 

Released 

Oxygen 
Absorbed 

Respiratory 
Quotient-"- 

°C 

cu  mm/g/hr 

cu  mm/g/hr 

(A) 

(B) 

(c) 

(D) 

(E) 

1 
2 

3 
1+ 

5 

6 

7 
8 

9 
10 

11 
12 

15 
Ik 

15 

16 

17 
18 
19 
20 

21 
22 

Fungi 

Agaricus  caiiipestris2 
Aspergillus  clavatus 

A.  niger 

Blastomyces  dermatitidis" 

B.  dermatitidisT 

Daedalea  quercina 
Fusarium  sp. 
^tyrothecium  verrucaria9 
M.  verrucarial^ 
Neurospora  tetrasperma-^-'- 

N.  tetrasperma  12 
Penicillium  notatum 
Phycomyces  blakesleeanus 
Physarum  polycephaluml^ 
P.  polycephaluml5 

Pilobolus  kleinii 
Polyporus  versicolor 
Saccharomyces  sp. 
Thelephora  tremelloides 
^gosaccharomyces  sp. 

^^       5 
25e25^ 

25^ 

20 

20 

kOr, 

50^ 
50 
30 
25 

25 
19.8-2I+.2I5 

205 

22 

22 

26° 

71^''^ 
5,610 

9,620-19,600 
25,000-30,000 

3,500^ 

129^ 

5,250 
15,000-20,000 

2,U00 
llt,150 

9,1+00^ 
1|0,000 
58,000 
108,000 

9,620-19,600 

250-590 
15,000 

1+00 
1,U00 

2,600 

1+0,000-80,000 

91+0^ 
60,000 

0.6 
1.7 

1.0 
0.8 

Lichens 

Cladonia  rangiferina 
Peltigera  canina 

10 
21 

116 
70-11+0^ 

1U5 

0.8 

/l/  Refers  to  the  ratio  of  the  volume  of  COo  released  to  the  volume  of  Og  absorbed, 
/2/  Also  known  as  Psalliota  campestris.  /3/  Calculated  on  wet  weight  basis,  /k/   At 
25°C,  lt,800;  cf.  Fn  5.  /5/  Glucose  in  media.  /6/  Data  applicable  to  young  mycelium 
form.  /7/  Data  applicable  to  yeast  form.  /8/  Endogenous.  /9/  Data  applicable  to  a 
lt8-hour  culture.  /lO/  Data  applicable  to  a  28-hour  culture,  /n/  Data  applicable  to 
anaerobic  respiration  of  germinating  ascospores.  /12/  Data  applicable  to  anaerobic 
respiration  of  dormant  ascospores.  /15/  Lactose  in  media.  /iV  Data  applicable  to 
large  mass  Plasmodium  (protoplasmic  mass).  /15/  Data  applicable  to  small  mass  Plasmo- 
dium. 
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146.     RATES  OF  RESPIRATION:    ALGAE 


Respiration  in  plant  tissue,  as  in  animal  tissue,  involves  both  consumption  of  Og 
and  evolution  of  CO2.  Gaseous  exchange  is  measured  by  placing  the  tissue  in  a 
calibrated  chamber  containing  a  gas  mixture  (O2  and  COg)  of  known  composition, 
replenished  if  necesseiry,  and  determining  the  alteration  in  composition  of  the 
mixture  after  a  suitable  time.  Gas  volvmies  are  expressed  in  cu  imn  of  gas  (at 
S.T.P. )  per  gram  dry  weight  of  plant  material  per  hour. 


Species 


Temperature 


Carbon 

Dioxide 

Released 


cu  mm 


/g/hr 


Oxygen 
Absorbed 


cu  mm 


/g/hr 


Respiratory 
Quotient! 


iAL 


ill 


Icl 


IDI 


ill 


Cyanophyta  (Blue -green) 


Anabaena  sp. 


25 


U,500 


Chlorophyta  (Green) 


2  Chlorella  ellipsoidea 

3  C .  pyxenoidosa 
k  Cladophora  arcta 
5  Enter omorpha  linza 

h 
Nitella  clavata 

7  Scenedesmus  obliquus 

8|  Spirogyra  sp.5 

Spirogyra  sp." 

id  Ulva  lactuca 


11 


U.  lactuca 


25^ 
252,3 

12 

25 

23 

35 
35 
18.1 

25 


1,600-12,800 


260-610 
1,530-2,190 
1+72 


1,300 
1,U00-11,200 

900 
1,100 

20,000-30,000 

500 
1,260-2,100 
1,1+00-2,100 

493 

2,600 


1.1 


0.2-0.3 
1.0 

0.9 


Phaeophyta  (Brown) 


12 

13 
Ik 


Ascophyllum  nodosum 
Fucus  serratus 
Laminajja  phyllitis 


18.3 


165 


2,91+0 
307 
900 


0.5 


Rhodophyta  (Red) 


Chondrus  crispus 

Gigartina  teedii 
Polysiphonia  violacea 


lU 

11.6 
11.1 


1,031 


1+00 

1+1+0 
891 


1.2 


/l/  Refers  to  the  ratio  of  the  volume  of  CO2  released  to  the  volume  of  Og  ab- 
sorbed.  /2/  Endogenous.  /3/  In  glucose  solution:  COg,  23,000;  O2,  19,000.  /k/ 
Data  applicable  to  plant  tips.   /5/  Data  applicable  to  sexuail  (conjugating)  stage. 
/6/  Data  applicable  to  vegetative  stage. 
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147.  OXYGEN  CONSUMPTION:  BACTERIAL  SUSPENSIONS 

Data  are  applicable  to  bacterial  supensions  in  the  presence  of  glucose,  un- 

less otherwise  specified.  The  oxidation 

quotient,  -Qop,  is  the  cu  mm  of  0p| 

consumed  per  mg  dry  weight  per  hour. 

Organism 

Age  of  cell 

Temp 

-%, 

hr 

(A) 

(B) 

(c) 

(D) 

1 

Azotobacter  chroococcum 

36 

22 

2000-10,000 

2 

Aerobacter  aerogenes 

17;  1+8 

36;  30 

1+7,50 

3 

Bacillus  cereus  (short) 

18 

30? 

1+2-86 

k 

B.  Cereus  (filamentous) 

18 

30? 

5-i+9 

5 

B.  Subtilis 

6-8 

37 

170 

6 

B.  Subtilis,  spores 

98-1U7 

32 

10 

7 

Corynebacterium  sp. 

1+8-96 

30? 

67 

8 

Escherichia  coli 

20 

l+0;32 

200; 272 

9 

Lactobacillus  bulgaricus 

8 

37;'+5 

3^;55 

10 

Leuconostoc  citrovorima 

16 

38 

8 

11 

Micrococcus  luteus 

30 -3!^ 

35 

15 

12 

M.  flavus 

30-31^ 

35 

8 

13 

M.  auranticus 

30-31+ 

35 

11+ 

11+ 

M.  cinnebaireus 

30-31+ 

35 

32 

15 

M.  Fruendenreichii 

30-31+ 

35 

20 

l6 

Mycobacterium  phlei 

81+ 

38 

28 

17 

M.  smegmatis 

81+ 

38 

23 

18 

M.  stercoris 

81+ 

38 

15 

19 

M.  sp.  Karlinski 

81+ 

38 

22 

20 

M.  ranae 

81+ 

38 

32 

21 

M.  leprous  kedrowsky 

81+ 

38 

8 

22 

M.  butyricum 

81+ 

38 

13 

23 

M.  tuberculosis  hominis 

252 

38 

1+ 

2k 

M.  tuberculosis  avian 

81+ 

37 

1 

25 

Pneumococcus,  Type  I 

18 

37 

27 

26 

Pseudomonas  fluorescens 

20 

26 

58 

27 

Streptococcus  faecalis,  B33A 

18 

38 

106 

28 

S.  Faecalis,  lOCl 

15 

37 

57-80 

29 

S.  Faecalis,  Lancefield  D 

12-15 

37 

■^    .  0 

30 

S.  pyogenes,  C205M 

1+ 

37.5 

57-l63l'2 

31 

S.  pyogenes,  C203S 

1+ 

37.5 

99-1131^5 

32 

S.  thermophilus,  C5 

8 

37;  50 

i+;5 

33 

S.  thermophilus,  MC 

8 

37;  50 

9;10 

3^^ 

Streptomyces  coelicolor 

72 

35 

/l/  In  a  medium  containing  yeast  extract.   /2/  In  a  medium  composed  of  saline 
and  glucose,  17-24.  /j/  In  a  mediiam  composed  of  saline  and  glucose,  25-1+2. 
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149.     COMPARISON  OF  STANDARDS  OF  BASAL  METABOLISM:    MAN 

Column  F  Is  the  standaird  commonly  en^jloyed 

heretofore  in  America.     The  \mderly- 

Ing  measurements 

include  many  first  tests 

(on  persons     unaccustomed  to  the  pro- 

cedures).     Valiies 

are     accordingly  high  — 

the  highest  of  the   standards .     Values 

in  column  D,   the  ] 

British     Standard,    are  based  on  the  lowest  of  repeated  measure-     | 

ments  on  trained 

persons  under  rigorously 

basal  conditions.     Measiires     taken  to 

eliminate     metabolism- raising     influences  have  been  particularly     effective  with    | 

adults,    yielding  . 

Lower     values  than  those   in  any  other  column.     Values  in  column    | 

E  are  based  on  mei 

isurements  on  well  trained 

children  and     are  generally  the  low- 

o" 

Age 

Males 

Boothby^ 
1952 

Fleisch^ 
1951 

Robertson 

and  Reid5 

1952 

Lewis 
Duval  and 

iiifr*  191+3 

Boothby 
Berkson  and 
niinn5     ^Q■^f, 

CaJ./sq  m/hr 

Cal/sq  m/hr 

Cal/sq  m/hr 

Ceul/sq  m/hr 

Cal/sq  m/hr 

^a) 

(B) 

(c) 

(D) 

(E) 

(F) 

1 

One 

53.0 

2 

Two 

52.1+ 

56.9 

5 

Three 

60.1 

51.5 

60.1 

54.5 

k 

Four 

57.9 

50.5 

57.9 

52.6 

5 

Five 

56.3 

h9.^ 

56.3 

51.0 

6 

Sijc 

54.0 

1+8.3 

51^.2 

1+9.6 

53.0 

7 

Seven 

52.3 

h7.3 

52.1 

1+8.2 

52.1+ 

8 

Eight 

50.8 

1+6.3 

50.1 

1+6.6 

51.5 

9 

Nine 

1^9.5 

1+5.2 

1+8.2 

1+5.0 

»f9.9 

10 

Ten 

'^7•7 

l+i+.O 

1+6.6 

1+5.6 

1+8.0 

11 

Eleven 

1+6.5 

1+5.0 

1+5.1 

1+2.2 

1+7.2 

12 

Twelve 

1^5.3 

1+2.5 

1+3.8 

1+1.5 

1+6.8 

13 

Thirteen 

W+.5 

1+2.5 

1+2.7 

1+1.1+ 

1+6.5 

Ik 

Fourteen 

1+5.8 

1+2.1 

1+1.8 

1+1.1 

1+6.1+ 

15 

Fifteen 

1+2.9 

1+1.8 

1+1.0 

1+0.5 

1+6.1 

16 

Sixteen 

1+2.0 

1+1.1+ 

1+0.3 

if5.5 

17 

Seventeen 

1+1.5 

1+0.8 

39.7 

i+i+.l+ 

18 

Eighteen 

1+0.8 

1+0.0 

39.2 

1+2.9 

19 

Nineteen 

1+0.5 

59.2 

38.8 

1+2.2 

20 

Twenty 

59.9 

58.6 

38.1+ 

U.6 

21 

Twenty-five 

38.1+ 

57.5 

37-1 

1+0.5 

22 

Thirty 

37.6 

56.8 

36.1+ 

59.6 

25 

Thirty- five 

56.9 

36.5 

35.9 

38.9 

21+ 

Forty 

56.5 

36.5 

35.5. 
51^.5^ 

38.3 

25 

Forty- five 

56.5 

36.2 

37.6 

26 

Fifty 

56.0 

55.8 

55.9^ 
55.6^ 
55.2° 
52. 8^ 
52. 6^ 

37.0 

27 

Fifty- five 

55. If 

55.1^ 

36.3 

28 

Sixty 

51+. 8 

51+. 9 

35. 7„ 

29 

Sixty- five 

51+. 0 

51+. 1+ 

55.1° 

50 

Seventy 

33.1 

55.8 

31^.5^ 

31 

Seventy- five  ' 

51.8 

55.2 

52.0 

55. 1*^ 

/l/  Present  H.  B.  D.  values  (cf.  table  II+8)  based  on  veQues  in  cols.  D,  F  and  values 
from  Harris  and  Benedict,  I919.  /2/  Based  on  values  from  2l+  reports  in  the  literature. 
Including  those  in  cols.  E,F,of  this  table  and  values  from  Harris  and  Benedict,  I919. 
/3/  The  British  Standard.  These  values  constitute  part  of  the  basis  for  those  in  col.B. 
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149.  COMPARISON  OF  STANDARDS  OF  BASAL  METABOLISM:  MAN 

est  of  those  given  for  children.  Adult  values  In  columnR  B  and  C  are  so  similar 

that  either  standard  can  be  used  safely  in  clinical  medicine.   For  children, 

choice  between  columns  E  or  C  and  columns  B  or  D  will  depend  on  the  experience 

of  the  testing  laboratory.  Some  laboratories  (even  i 

some  technicians)  tend  to 

find  higher  basal  valiies  and  some  laboratories,  lower. 

Each  laboratory  may  ac- 

cordingly  develop  its  own  standard.  A  variation  of  as  much  as  ll4-^  above  or  below  | 

the  standard  may  occur  in  healthy  persons  (estimate  ' 

'b",  "d"  of  the  ordinary 

range). 

Age 
yr 

Females 

Boothby^ 
1952 

Fleisch2 
1951 

Robertson 

and  Heid5 

1952 

Lewis 

Duval  and 

Iliff^  1943 

Boothby 
Berkson  and 
Dunn5  1936 

Cal/sq  m/hr 

Cal/sq  m/hr 

Cal/sq  m/hr 

Cal/sq  m/hr 

Cal/sq  m/hr 

u; 

(B) 

(c) 

(D) 

(E) 

(F) 

1 

One 

53.0 

2 

Two 

52.4 

52.9 

3 

Three 

51^.5 

51.2 

54.5 

51-3 

1^ 

Four 

53.9 

49.8 

55-9 

49.9 

5 

Five 

53.0 

48.4 

55.0 

48.4 

6 

Six 

51.2 

47.0 

51.8 

46.9 

50.5 

7 

Seven 

h9.1 

45.4 

50.2 

45.5 

48.5 

8 

Eight 

W.O 

45.8 

48.4 

44.0 

46.7 

9 

Nine 

1^6.2 

42.8 

46.4 

42.7 

46.1 

10 

Ten 

1+4.9 

42.5 

44.5 

41.4 

45.7 

11 

Eleven 

1+3.5 

42.0 

42.4 

40.4 

45.1 

12 

Twelve 

42.0 

41.5 

40.6 

39.7 

45.9 

15 

Thirteen 

40.5 

40.5 

59.1 

38.4 

42.5 

li^ 

Fourteen 

39.2 

59.2 

57.8 

56.8 

41.1 

15 

Fifteen 

38.3 

57.9 

56.8 

55.2 

59.7 

16 

Sixteen 

37.2 

56.9 

56.0 

58.6 

17 

Seventeen 

36.4 

56.5 

55.5 

57.6 

18 

Eighteen 

35.8 

55.9 

54.9 

57.0 

19 

Nineteen 

35.4 

35-5 

54.5 

56.6 

20 

Twenty 

35.3 

55.5 

54.3 

56.3 

21 

Twenty- five 

55-1 

55.2 

54.0 

36.0 

22 

Thirty 

35.0 

55.1 

54.1 

55.8 

23 

Thirty- five 

34.8 

55.0 

55.5 

55.7 

2k 

Forty 

34.3 

54.9 

52.6, 

55-5 

25 

Forty-five 

53.9 

34.5 

52.4^ 

55.5 

26 

Fifty 

55.4 

55.9 

52.1^ 
51.8° 
51.4^ 
51.2° 
50.8^ 

54.4 

27 

Fifty- five 

52.9 

55-5 

55.4 

28 

Sixty 

52.4 

32.7 

52.8 

29 

Sixty- five 

51.8 

32.2 

52.4 

30 

Seventy 

51.5 

31.7 

52.2 

31 

Seventy- five ^ 

5l.l9 

51.5 

50.59 

52.0^ 

values  constitute  part  of  the  basis  for  those  in  Col.  C.  /5/  These  val- 
ues constitute  part  of  the  basis  for  those  in  cols.  B  and  C.  /6/  Interpolated.  Orig- 
inal data  given  for  pentades  40-44,  45-49,  etc.  /j/  Values  are  for  age  75  or  over. 
/8/  Extrapolated  by  authors.  /9/  Extrapolated. 
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150.     BASAL  METABOLISM:    VERTEBRATES 

Values  eire  for 

adults. 

Body 

Body 

Basal  Metabolism 

Species 

Weight 

Surface^ 

Calories/day^ 

kg 

sq  m 

Total5 

per   sq  m 

per 
kgO.75 

(A) 

^B^ 

^C^ 

(b) 

(e) 

(f\ 

1 

Man  d* 

65 

1.83 

1667 

910 

73 

2 

Man  9 

57 

1.63 

13i^7 

828 

65 

3 

Baboon 

6.25 

0.1f21 

300 

761 

77 

1^ 

Cattle 

366 

1^.56 

5678 

12U5 

68 

5 

Chicken 

2.58 

0.163 

138 

Iko 

68 

6 

Chimpanzee 

38 

1.13 

1111 

986 

73 

7 

Dog 

1U.9 

0.652 

51^2 

831 

72 

8 

Goat 

36 

1.09 

7i^7 

683 

51 

9 

Goose 

5.0 

0.292 

276 

9^^ 

82 

10 

Guinea  pig 

0.758 

0.0687 

1^8 

700 

59 

11 

Monkey,    rhesi 

LS     5,22 

0.257 

156 

608 

65 

12 

Mouse 

0.0285 

0.00704 

5.20 

739 

75 

13 

Pig 

186 

2.67 

261+7 

993 

52 

lU 

Rabbit 

3.5 

0.198 

160 

809 

62 

15 

Rat 

0.500 

O.O38I+ 

26 

686 

65 

16 

Sheep 

30 

0.805 

692 

860 

55 

/l/  Surface  area  calculated  in  sq  cm  from  following  equations 
in  which  W  =  body  weight  in  grams:  man  (cfor?),  3.8l  WO.^25  x 
gO.725  (where  H  =  height  in  cm);  baboon,  11.7  WO.667;  cattle, 
15.82  WO.625;  chicken,  9.85  wO.67  or  5-86  WO.5  x  lO.6  |where 
L  =  rump  to  shoulder  length  in  cm);  chimpanzee,  10  wO'667 
(assumed);  dog,  11.2  wO-d67j  goat,  10  wO.667  (assumed);  goose, 
10  wO'67  ^assumed);  guinea  pig,  9.85  WO'64;  monkey,  rhesus, 
11.7  wO.667;  mouse,  I5.I8  wO.'<-58;  pig,  12.24  WO.633;  rabbit, 
56.33  WO.^36;  rat,  12.54  wO-60;  sheep,  8.5  ^0.667  /2/  In 
kilocalories.  /3/  For  entire  organism. 
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151.     BASAL  AND  RESTING  ENERGY  METABOLISM: 

BEEF  CATTLE 

"Resting  metabolism"-'-  refers  to  heat  production  when  the  anlmnl  is  at  rest 

in  a  recumbent  position,  before  the  mom- 

Ing  feeding  and  under  customary  farm  conditions.   The  measurements  are  not  taken  in  a  strictly  thermo -neutral'  en-  | 

vironment  nor  in  the  post-absorptive  conditions.  The  resting  metabolism. 

as  thus  defined,  is  considerably  above  the 

basal  metabolism,  the  exact  value  depending  on  the  nature  of  the  diet,  the 

time  after  feeding,  and  the  environmental 

temperature . 

i 

Hereford  Breed                                            | 

Approximate 
Age 

Body 
Weight 

Body 

Surface 

Area2 

Resting  MetaboUaml'5,'t 

Oxygen 
Consumption 

Basal  MetaboUsm^'*'"' 

Oxygen   ■ 
Consumption 

kg 

sq  m 

Cal/kg/day 

Cal/sq  m/day 

liters/kg/day 

Cal/kg/day 

Cal/sq  m/day 

liters/kg/day 

(H) 

(b) 

CC) 

Id) 

(E^ 

CF) 

(g) 

(H) 

(I) 

1 

Males 

1.0  rao 

40 

1.02 

53.9 

2104 

11.2 

2 

1.3  mo 

50 

1.16 

49.6 

2137 

10.3 

3 

1.6  mo 

60 

1.29 

46.4 

2165 

9.6 

U 

1.8  mo 

70 

1.40 

43.3 

2188 

9.1 

5 

2.0  mo 

80 

1.51 

41.7 

2208 

8.6 

6 

2.5  mo 

90 

1.61 

39.9 

2227 

8.3 

7 

3.0  mo 

100 

1.71 

38.4 

2243 

8.0 

8 

6.0  no 

150 

2.15 

33.0 

2304 

6.9 

9 

7.0  mo 

200 

2.53 

29.7 

2352 

6.2 

10 

9.0  mo 

250 

2.36 

27.4 

2389 

5.7 

11 

11.0  mo 

300 

3.17 

25.6 

2420 

5.3 

12 

1.1  yr 

350 

3.46 

24.2 

24U 

5.0 

13 

1.3  yr 

too 

3.72 

23.0 

2471 

4.3 

lA 

1.5  yr 

k50 

3.97 

22.0 

2491 

4.6 

15 
16 

1.7  yr 

500 

4.a 

21.2 

2513 

4.4 

Females 

kO 

1.02 

61.8 

2411 

12.3 

17 

50 

1.16 

55.7 

2398 

11.5 

IS 

1.8  mo 

60 

1.29 

51.1 

2386 

10.6 

19 

2.5  no 

70 

1.40 

47.6 

2376 

9.9 

20 

3.0  no 

80 

1.51 

44.7 

2368 

9.3 

21 

U.O  mo 

90 

1.61 

42.3 

2361 

8.3 

22 

5.0  mo 

100 

1.71 

40.3 

2354 

8.4 

23 

6.5  mo 

150 

2.15 

33.4 

2326 

6.9 

22.2 

1551 

4.6 

2i, 

9.0  mo 

200 

2.53 

29.2 

2310 

6.1 

19.9 

1575 

4.1 

25 

11.0  mo 

250 

2.86 

26.3 

2296 

5.5 

18.2 

1594 

3.3 

26 

1.2  yr 

300 

3.17 

24.1 

2286 

5.0 

17.0 

1610 

3.5 

27 

H  yr 

350 

3.46 

22.5 

2275 

4.7 

16.0 

1620 

3.3 

28 

1.7  yr 

400 

3.72 

21.1 

2270 

4.4 

15.2 

1635 

3.2 

29 

2.0  yr 

450 

3.97 

20,0 

2136 

4.1 

14.5 

1646 

3.0 

/l/  For  techniques  employed  and  underlying  assumptions  see  Mo^  Agr.  Exp.  Sta.  Res.  Bull.  404,  /2/  Surface  area  based  on 
equation,  Surface  Area  in  sq.  meters  =  O.IJ  (weight  in  kg)''-^".  /}/  in  kilocalories.  /U/  For  males,  data  based  on  equa- 
tion, Y  -  211  X^'.oJ;  for  females,  Y  =  }45  xO-5J;  where  1  ^  resting  metabolism  in  Calories/day  and  X  =  body  weight  in  kg. 
/5/  Standard  temperature  and  pressure.  /6/  For  females,  data  based  on  equation,  Y  =  1^4  X^.6l^  where  Y=basal  metabolism 
in  Calories/day  and  X  =  body  weight  in  kg.  /7/  The  "basal  metabolism"  is  calculated  from  the  observed  oxygen  consumption 
of  the  resting  animal,  measured  at  frequent  intervals  after  feeding  until  it  beccmes  roughly  constant,  i.e.,  until  after 
the  "specific  dynamic  effect"  has  ended  (about  2  days  after  the  last  feeding). 
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153.     RESTING  ENERGY  METABOLISM:    GOATS 

"Resting  metabolism"!  refers  to  heat  production  when  the  animal  is  at  rest 

in  a  recnimbent  position,    although  neither  in  a  strictly  thermo- neutral  en- 

vironment    nor  in  a  post-absorptive   condition.        It  is  measured  before  the 

morning  feeding  under  customary  farm  conditions . 

The  resting  metabolism. 

as  thus  defined.  Is  considerably  greater  than  the  basal  metabolism,    the  ex-| 

act  value  depending  on  the  nature  of  the  diet,    the 

>  time  after  feeding,    and 

the  environmental  temperature. 

Toggenburg  and  Angora  Goat 

s2 

Body 

Resting 

Body 

Resting 

Body 

Resting 

Weight 

Metabolism^' ^ 

Weight 

Metabolism^'^ 

Weight 

Metabolism?'^ 

(rf  or  9) 
kg 

(d"  or  9) 

(cf  or  9) 

Cal/kg/day 

kg 

Cal/kg/day 

kg 

Cal/kg/day 

(A) 

(B) 

(A) 

(B) 

(A) 

(B) 

2^        h 

^132;   9121+ 

9 

18 

rf65;  954 

16 

35 

cf52;   9hh 

rfl06;   997 

LO 

20 

cf63;  9^h 

17 

i+0 

db^O;   91+2 

5         6 

cf93;  981+ 

18 

i+5 

d-1+8;   9hO 

1*        8 

rf85;  975 

11 

22 

cf6l;  952 

19 

50 

rfl+7;  939 

5       10 

d79;  970 

12 
1-5 

2k 
26 

cf59;  951 
rf58;  9i+9 

20 

55 

cfU5;  938 

6       12 

<nh;  965 

L1+ 

28 

cr56;  91+8 

21 

60 

(fkh;  936 

7       ih 

d7i;  962 

15 

50 

cr55;  91+T 

2^ 

65 

<fk:>;  935 

B      16 

d68;  959 

25 

70 

^1+2;   931+ 

/l/  For  techniques  employed  and  underlying  assumptions  see  Mo.  Agr.  Exp. 
Sta.  Res.  Bull.  291.  /2/  Sixteen  Toggenburg  and  six  Angora  goats.  /3/  In 
kilocalories .  /k/  For  males  data  based  on  equation,  Y  -  I66  xO-o76^  and 
for  females,  Y  =  I60  X  0.638^  where  Y  =  resting  metabolism  in  Cal/day  and  X 
=  body  weight  in  kg. 


154.     BASAL  AND  RESTING  ENERGY  METABOLISM: 

GUINEA  PIGS 

Bofiol  me t aboil snP-   Is  calculated  from  the  2^-1*8  hour  fasting  oxygen  consumption 

of  the  resting  an 

Is  affected  by  the  calorlgenlc     action  of  the  feed.        Meatsurements  were  made  at  about   50°,   considered  to  be     thermoneutral     1 

for  the  animal, 
tlon. 

Values  are  from  smoothed  plotted  curves  based  on  tabular  data  and  curves  in  the  original  source  publlca- 

Approximate 
Age 

Body 
Weight 

Surface 
AreaS 

Resting  Hetabollenl 

Approximate 
Age 

Body 

Weight? 

Surface 
Area2 

Basal  Metabolism^ 

kK 

sq  m 

CalAg/day 

Cal/sq  m/day 

kg 

sq  m 

Cal/V/day 

Cal/st 

m/day 

(A) 

(B) 

(C) 

7d) 

m 

(F) 

(C) 

(H) 

(1) 

(J) 

(K) 

7l1 

(M) 

fNl 

(ol 

fP) 

Males 

Females 

Males  4  Females 

Males 

Females 

Males 

Females 

Males 

Females 

^'.ales  &  Females 

Males 

Females 

Males 

Females 

1 

81 

th 

0.080 

0.0164 

154 

160 

751 

781 

2 

2  ita 

0.100 

0.0188 

150 

154 

798 

819 

117^ 

3 

19  lia 

0.150 

0.021,3 

122 

128 

753 

790 

2 

2 

0.150 

0.0243 

120^ 

722 

7U 

4 

30  iia 

0.200 

0.0293 

114 

118 

778 

805 

3- 

» 

0.200 

0.0293 

108 

112 

737 

765 

5 

75  da 

80  da 

0.400 

O.a.56 

91 

94 

798 

825 

82 

87 

0.400 

0.01.56 

86 

90 

754 

789 

6 

137  da 

154  da 

0.600 

0.0591 

75 

79 

761 

802 

145 

170 

0.600 

0.0591 

71 

74 

721 

751 

7 

290  da 

270  da 

0.800 

0.0710 

63 

68 

710 

766 

0.800 

0.071c 

60 

63 

676 

710 

8 

0.900 

0.0766 

57 

66 

670 

775 

0.900 

0.0766 

57 

670 

9 

1.000 

.0.0819 

54 

63 

659 

769 

1.000 

0.0819 

54 

1 

659 

1 

/l/  See  source  publication  for  underlying  assumptions  and  techniques.  /2/  Data  based  on  equation.  Surface  Area  in  square  cen- 
timeters =  9.85  (body  weight  In  grams)0-6^.  /5/  Weights  have  been  affected  by  2k-k&  hrs  of  fasting  and  are  accordingly  lower 
than  the  normal  weights  of  the  animals.  /U/  By   extrapolation  of  smoothed  curve. 
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156 

.  RESTING  ENERGY  METABOLISM:  MULES 

"Resting  metabolisn 

i"l  measures  the  energy  maintenance  cost,  in  the  standing  position,  after 

intermittent  light 

feeding  (grazing).  No  difference  has  been  found  between  standing  and  re- 

cumbent  metabolism 

records  in  horses  over  the  entire  period  of  growth. 

Body 

Bo<ly 

Metabolism-^ 

Oxygen 
Con3Ufflption4 

ApproxLmate 

Weight 

Surface  Area'^ 

m  **rf  4#^.b  ^i'  %^^u^^  %^mM* 

Age 

kg 

sq  m 

Cal/kg/day 

Cal/sq  m/day 

liters/kg/day 

(A) 

(B) 

(C) 

(D) 

(E) 

(F) 

Males  and  Females 

1 

One  week 

60 

1.35 

60.5 

2685 

12.5 

2 

Three  weeks 

80 

1.62 

54.5 

2686 

11.3 

3 

Four  weeks 

100 

1.87 

50.3 

2689 

10.4 

U 

Six  weeks 

150 

2.42 

43.5 

2693 

9.0 

5 

Four  months 

200 

2.91 

39.2 

2697 

8.1 

6 

Six  months 

250 

3.35 

36.2 

2698 

7.5 

7 

Eight  months 

300 

3.76 

33.9 

2701 

7.0 

6 

Eleven  months 

350 

4.15 

32.1 

2704 

6.6 

9 

Thirteen  months 

/fOO 

4.52 

30.6 

2705 

6.3 

10 

Eighteen  months 

450 

4.87 

29.3 

2705 

6.1 

U 

Twenty- six  mo 

500 

5.21 

28.2 

2706 

5.8 

12 

Thirty-six  mo 

550 

5.53 

27.2 

2708 

5.6 

13 

Thirty-eight  mo 

600 

5.85 

26.4 

2709 

5.5 

li. 

Fifty  months 

650 

6.15 

25.6 

2710 

5.3 

15 

Five  years 

700 

6.45 

25.0 

2710 

5.2 

/l/  For  techniques  employed  and  underlying  assumption  see  Kibler,  H.  H. ,  and  Brody,  S.,  Mo. 
Agr.  Exp.  Sta.  Res^  Bull.  438,  1949.  /2/  Based  on  equation.  Surface  Area  in  sq.  meters  =  0.1 
(weight  in  kg)0'°5o.  See  Mo.  Agr.  Exp.  Sta.  Res.  Bull.  115,  P.  50.  /3/  Kilocalories;  data 
based  on  equation,  Y  =  264x  ^•'^ ,  where  Y  =  resting  metabolism  in  Cal/day  and  X  =  body  weight 
in  kg.  /4/  Standard  temperature  and  pressure. 
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160.     METABOLIC  RATES:    SOIL  ORGANISMS 

(See  next  page  for  columns  G-K  of  this  table) 

In  coluinns  B  D  F  I  the  following  symbols  are  used:  ;i|i  =  a  millionth  of  a  millionth  (lO"^);  u  =  a  millionth 
(10-6);  m  =  a  thousandth  (10-3);  M  =  million  (10°).  Values  in  columns  I  J  K  are  included  to  indicate  order 
of  magnitude  of  the  nKtabolic  activity  of  populations. 


Groups  and  Species 


Weight 


mg 


Tenure  rature-' 


"C 

TcT 


Metabolic  Rate 


Calories^ 


Cal/hr/ind?  |  Cal/hr/ind? 


HI 


HI 


02 
Consumption 


ml/hr/ind' 


JEL 


Bacteria 

Sarcina  lutea 
Fungi 

Mycoderma  sp. 

Saccharoinyces  sp. 

Protozoa 

Chaos  chaos  (amoeba) 

Nematoda 

Monhystera 

Plectus 

Dorylaimus 
Annelida 

Lumbrlcus  terrestris  (earthworm) 
Lumbrlcus  terrestris  (earthworm) 
Lumbrlcus  terrestris  ( earthworm) 

Mollusc a 

Helix  aspersa  (garden  snail) 

Helix  aspersa  (garden  snail) 
Acarl 

Oribatei 

Euzetes  aterrimus 
Notaspis  coleoptratus 
Parasitiformes 
Macrocheles  sp. 
Araneae 

Lycosa  sp. 
Opllliones 

Nemastoma  sp. 
Coleoptera 

Carabus  nemoralis  (ground  beetle) 

StaphllinuB  olens  (rove  beetle) 
Epaphiue  secalis  (ground  beetle) 
Notiophilus  biguttatus  (ground  beetle) 
Diptera 

Tlpula  sp.  (larva) 


1,000  tin 

100,000  11^1 
180,000  an 


0.05 

0.2-0.5 
0.5-1.0 

0.5-56 

500 
5,000 
1,210 


10,000 
10,000 


0.25 
0.05 

0.25 


15.1 
5.8 

61*4 

2k7 

1.2-2.2 
7-5 

2V 

607 

1.5-2.5 
1.8-3.5 


20.5 

20.0 
20.0 


22.5 

16.0 
16.0 

16.0 

17-20 
20-23 
15.0 


10.0 
20.0 


IU.5 
11.3 

12.0 


15.0 

13.0 

15.0 

13.0 
13.0 
13.0 

15.0 

13.0 

13.0 
13.0 


55  m  tiji 

O.O2U  m  n 
3.7  l^M 


42-62  m  ^i 

1.45-2.17  U 
2.9-5.8  u 

1.93-216  n 

0.145  m 
1.45  m 
0.424  m 


2.06  m 
4.24  m 


150-193  m  n 
48.3  m  ti 

485  m  ti 


33.2  n 
9.17  u 

767  M 

285  u 

7-9. S  M 

56  u 

285  n 

502  u 

6.5-9.3  ^i 
5.3-11.71^ 


55 

238 
48.1 


0.83-1.24 

6.14-8.34 
4.8-6.8 

2.4-5.3 

0.29 
0.29 
0.35 


0.206 
0.424 


0.6-0.77 
1.59 

1.95 


2.2 

2.415 

1.19 

1.15 
5.92 
4.8 

1.03 

0.825 

5.02-5.7 
2.93-5.5'* 


7  uti 

4,930  ti^ 
1,790  un 


8.6-12.9  n 

300-450  u 
600-1,200  ti 

400-44,800  ^l 

0.03 

0.3 

0.09 


0.426 
0.876 


31-40  n 

10  M 

100  n 


6,870  u 

1,900  V. 

0.159 

0.059 
1,500-2,000  n 
7,600  ^l 

0.059 

0.104 

1,400-1,900  tl 

1,100-2,400  M 


/l/  Temperature  used  in  determining  values  in  columns  D- 
of  16°  C  according  to  Krogh's  curve.  /2/  Kilocalorles. 


G.  Values  in  column  K  are  reduced  to  the  common  standard 
/5/  Individual. 
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160.  METABOLIC 

RATES: 

SOIL  ORGANISMS 

(Concluded) 

(See  preceding  page  for  columns  B-F  of  this  table) 

In  colinmB  B  D  F  I  the  following  aynbols  are  used:  (i»i  =  a  millionth  of  a  millionth 
(10-6);  m  =  a  thousandth  (10-3);  M  =  million  (10°).  Values  in  columns  I  J  K  are 
of  magnitude  of  the  metabolic  activity  of  populations. 

(10-12);  ^  =  a  mllliontn 
Included  to  Indicate  order 

Groups  and  Species 

Metabolic  Rate 
(Concluded) 

Respiratory 
(luotlent? 

Typical  Estimates,  Natural  Soils'* 

O2  Consuji?>tion 

Number 

Mass 

Metabolism 

L/kg/hr 

Per  sq  m 

g/sq  m 

Cal/hr/sq  m^ 

(A) 

(G) 

(H) 

(I) 

(j) 

(K) 

1 
2 
5 

It 

Bacteria 

Sarcina  lute a 
Fungi 

Mycoderma  sp. 

Saccbaromyces  sp. 

7 

k9 
10 

0.71 

(0.82) 
(0.82) 

200-1,200  MW 

200-1,200 
1*0-1*00 

550  n 

e 
1 

6 
g 

10 

Protozoa 

Chaos  chaos  (amoeba) 
Nematoda 

Monhystera 

Plectus 

0.17-0.25 

1.5-1.7 
1-1.4 

(0.82) 

0.85 
0.85 

100-500  M 
0.175-20  M 

58 
0.7-17.8 

21-52  m 
4.2-IO7  m 

11 

lit 
15 

Dorylalraus 
Annelida 

Lumbricus  terrestris  (earthworm) 
Lumbricus  terrestris  (earthworm) 
Lumbricus  terrestris  (earthworm) 

0.5-1.1 

0.06 
0.06 

0.073 

0.83 

(0.82) 
(0.82) 
(0.82) 

50-2,000 

1.6 

0.1*8  m 

16 
17 
l£ 
19 
20 

Mollusca 

Helix  aspersa  (garden  snail) 
Helix  aspersa  (garden  snail) 

Acarl 
Oribatel 

0.01*5 

0.088 

(0.82) 
(0.82) 

0-8,500 
2,100-121,000 

0-50 

l*.5 
0.07-0.85 

0-15  m 

6.75  m 
0.105-1.21*  m 

21 
22 

23 
2k 
25 

Euzetes  aterrlmus 
Notaspis  coleoptratus 
Peurasitiformes 
Macrocheles  sp. 
Araneae 

0.12l*-0.l6 
0.55 

O.k 

(0.82) 
(0.82) 

(0.82) 

200-7,1*00 
175-657 

0.09-0.22 
0.657 

0.15-0.55  m 
0.59-1.1*  m 

26 

27 
2£ 
2S 
3C 

Lycosa  sp. 

Opllliones 

Nemastoma  sp. 
Coleoptera 

Carabus  nemoralis  (ground  beetle) 

0.455 

0.5 

0.21*7 

,   (0.82) 
(0.82) 

1.6-58 

0.005-0.11*8 
5.8 

0.016-0.1*7  m 
6.1  m 

51 
32 
55 
51^ 
35 

Staphllinus  olens  (rove  beetle) 
EpaphiuB  secaliB  (ground  beetle) 
Notlophilufl  biguttatuB  (ground  beetle 
Diptera 

Tipula  sp.  (larva) 

0.259 

1.225 

)      0.878 

0.211* 

(0.82) 
(0.82) 
(0.82) 

(0.81) 

1.0 

1.35  m 

56 
37 
58 
59 

Tipula  sp.  (larva) 
Collembola 

PogonognathuB  plumbens 
Orchesella  flavescens 

0.171 

0.768-1.01* 
0.606-0. 691 

(0.82) 

1*0-1*0,000 

6.85 

27-1*^  m 

/2/  Kllocalories .  /j/  O2  consimed  +  CO2  liberated.  Values  in  parenthesis  are  assumed.  The  value  0.82,  is  usually 
assumed  because  this  is  the  mean  value  for  protein, and  whatever  the  ratio  of  fat  to  carbohydrate  in  the  food  the 
values  calculated  will  differ  by  no  more  than  5.5^  from  the  true  values.  /I*/  Values  are  reasonably  acc\irate  es- 
timates from  the  literature  and  represent  mean  nnmmi  abundance.  Bacteria  values  unreliable. 
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The  system  for  presenting  bibliographic  references  used  here  has  been  adapted 
from  one  in  common  use  in  geographic  atlases.  An  item  in  a  table  is  identified  by  two 
coordinates,  a  letter  designating  the  column,  and  a  number  the  row,  in  which  the  item 
appears.  In  a  typical  instance  in  the  bibliography,  the  coordinates  of  an  item  are  followed 
in  the  column  to  the  right,  by  a  number  accompanied  by  a  small  letter.  The  number  refers 
to  the  bibliographic  source,  the  letter  to  the  person  contributing  the  item.  If  an  item  in  a 
table  is  based  on  another  item  from  another  part  of  the  same  table,  the  coordinates  of  the 
latter  are  given  as  source,  enclosed  in  parentheses. 

This  method  of  presentation  of  bibliographic  references  perniits  identification  of 
both  the  reference  source  of  each  item  and  the  person  contributing  it,  without  the  necessity 
of  use  of  reference  numbers  on  the  face  of  the  table.  The  resulting  saving  in  space  per- 
mits use  of  a  larger  type  face  in  each  table,  with  a  consequent  gain  in  readability.  It  is 
not  uncommon  for  some  value  in  a  table  to  be  based  on  more  than  a  single  reference  source. 
The  occurrence  of  such  instances  has  given  emphasis  to  the  desirability  of  eliminating 
reference  numbers  from  the  tables. 

Where  an  item  is  contributed  as  general  knowledge,  or  from  the  unpublished  investi- 
gations of  the  contributor,  a  letter  appears  in  the  source  column  without  accompanying 
number. 

If  bibliographic  reference  numbers  are  inclosed  in  brackets,  []  ,  a  letter  designa- 
tion of  a  contributor,  immediately  following  the  second  bracket,  applies  to  all  references 
within  the  brackets. 

It  should  be  understood  that  a  person  listed  as  a  contributor  for  any  table  is  not 
responsible  for  portions  of  the  table  other  than  as  indicated. 

The  following  abbreviations  are  used:  Fn  =  footnote;  Calc.  fr.  =  calculated  from; 
Av.    =  average. 


1.      NlTrRIENTS:      THE  CHHtlCAL  ELOffiNTS 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1-31  B 

1,181*,  185, 189, 19"*, 

8  B 

556 

16  B 

I,ll»,15,l8,21,l85, 

205,553,'*W,'»58, 

9  B 

18,195,557,358 

186,195,561* 

1*59,1.65 

10  B 

I,ll.,15,l8,[l88- 

17  B 

l,U,ll*,15,l8,[l8a- 

1  B 

18,195,551,552 

1901,193,195,231*, 

190),195,565,W*6 

2  B 

18 

559,i*l»6 

18  B 

1, 11*,  15, 18,  [195- 

5  B 

1, lU, 15, 18,1188- 

n  B 

2.195, 560,U08 
18,201,561 

198].l*i*6 
2,15,18,21,185, 

192l,195,255,'*^6 

12  B 

19  B 

I.  B 

1 

15  B 

2,15,21,185,186, 

186, 191*,  566 

5  B 

1,1U,15,18,181*,353 

19^,555 

20  B 

2,15,18,21,185, 

6  B 

2,15,18,185,186 

lU  B 

1,362,565 

186,19U,353 

19't,553 

15  B 

1,1U,15,18, 185,186, 

21  B 

2,ll*,15,l8,21,l85, 

7  B 

1,1U,15,18,195,35'*, 
555,'tJ*9 

195, 215, 21U, 557 

186, 191*, 367 

(Continued  on  the  next  page) 
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Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

22  B 

I,ll»,15,l8,21,l85, 

6  D 

2, 21, '•63 

19  E 

4,5,21,200 

186,19^,36"* 

7  D 

U63 

20  E 

2,21,200 

23  B 

125 

8  D 

125 

21  E 

2,1*,5,19,62,65, 

2U  B 

18,U13 

9  D 

13 

150,200 

25  B 

1,18,195,2C*,368 

10  D 

1>,13,138,1»50,U63 

22  E 

5,6,19,27,39,66, 

26  B 

1,15,18, [179-182], 

11  D 

125 

67,73,151,200, 

195,369,370 

12  D 

125 

253,(l*l*l-l*J*5l 

27  B 

372 

13   D 

2,21 

23  E 

1*11,1*12 

26  B 

1,1U,15,18,21,185, 

lU  D 

1*,139 

21*  E 

125 

186,19U,195,373 

15  D 

li, 5, 13,138,1*50, 

25  E 

1*,200 

29  B 

18 

1*51, '•63 

26  E 

5,6,19,200 

30  B 

[210-212l,37't 

16  D 

13,137,138,332, 

27  E 

68,200,229 

31  B 

l,U,lU, 15,18,21, 

1*63 

26  E 

[1*-6],19,1*6,[69- 

192,195,236,'»J»6 

17  D 

1*,  13, 18,11*0 

711,200 

1-31  C 

3,12,3W»,(1*57-U60], 

18  D 

13 

29  E 

200 

'•65, 

19  D 

2,21,1*63 

30  E 

65, 61*, 200 

1  C 

l8,198,3Wt,575 

20  D 

2,21 

31  E 

5,6,19,2l*,25,29, 

2  C 

125 

21  D 

2, 12, 21, IJU, 1*63 

30,57,72,200 

3  C 

U,12,l8,3"»5,376 

22  D 

13, 21,138, lUi, 331, 

Fn  1* 

■t.S 

UC 

12,198, 3Mt, 353 

332,1*63 

Fn  8 

■•,5 

5  C 

3,126,198,202,530, 

23  D 

125 

Fn  12 

1*11,1*12 

3"t3,3Wt,353 

2U  D 

125 

Fn  15 

229 

6C 

3,12,18,198,3W» 

25  D 

125 

Fn  11* 

226 

7C 

3, 18, 198, 3Wt, 1*09 

26  D 

1*63 

1-31  F 

7,10,11,20,U65 

8c 

198,3W»,375 

27  D 

125 

1  F 

125 

9  C 

3,'«.l8,377 

28  D 

1*63 

2  F 

125 

10  C 

3,12,18,127,198, 

29  D 

125 

3  F 

7,11,18,20,390,1*1*7 

335,378,381,383 

50  D 

125 

U  F 

7,11,20,153,391 

11  c 

3,12,198, 3W* 

31  D 

13,138,11*0,1*63 

5  F 

7,8,11,20,206,550, 

12  C 

12,18,128,198,207, 

Fn  6 

5,292 

555 

3W» 

Fn  7   (Column  A) 

2,3,'*,9,10,17,21 

6  F 

7,8,11,20,21,553 

13  C 

3,12,198, 3Wt, 353 

1-31  E 

U,5,19,217,'*57, 

7  F 

11,20,555 

lU  C 

12U,l98,3ltJ»,379, 

1.58,1*60,1*65 

8  F 

11,392 

380 

1  E 

21*,  200 

9  F 

11,395 

15  C 

3,12,18,129,198, 

2  E 

125 

10  F 

9,11,18,20,206,591* 

335,3W«,38l 

3  E 

5,25,11*2,200 

11  F 

7,11,20,121* 

16  c 

3,12,198, 3W«,382 

U  E 

2,1*,200 

12  F 

125 

17  C 

3,8,12,18,131,198, 

5  E 

1*, 5,19, (25-291, 

13  F 

21,355 

335,3^*, 383 

200,218,221, 

lU  F 

20,395,396 

l8  C 

3,12,15,18,132,133, 

228,229 

15  F 

7,11,20,206,597 

198,226,3Wt,38U, 

6  E 

1*,5,200 

16  F 

7,11,20,598 

385 

7  E 

1*,200 
24,200 

17  F 

7,8,11,18,20,206, 

19  c 

3,12,18, 21,198, 3M., 

8  E 

599 

353 

9  E 

1*,5, 30,31, 200,31*8 

18  F 

1*, 7, 11, 20, 206, 226, 

200 

3,12,21,196,5W», 

10  E 

5,18,19, 2U,25, 29, 

350 

353 

32,200 

19  F 

7,11,20,21,355 

21  C 

3,12,21, 13l»,196, 

11  E 

U,200 

20  F 

2,7,11,21,553 

3W»,353  . 

12  E 

200 

21  F 

5,7,U,20,355 

22  C 

3,12,21,135,198, 

13  E 

2,1*,5,  [33-351, 
11*3,11*1*,  200 

22  F 

7,11,20,187,553 

3W»,353 

25  F 

U56 

23, 2U  C 

125 

111  E 

1*,200 

2l*  F 

125 

25  C 

12, 18, 198, 3^* 

15  E 

1*,5,19,2U,27,29, 

25  F 

8,11,20,205,1*01 

26c 

3,12,196, 3'»'», 586 

[35-511, 11*5, 

26F 

7,11,20,U02,U05 

27  C 

196,3W» 

11*6,200,1*52 

27  F 

206,550,1*01* 

28c 

3,12,198,3W. 

16  E 

[4-71,13,18,19,27, 

28  F 

7,11,20,1*05 

29  C 

3,12,18,387 

28,30,39,1*0,1*7, 

29  F 

11 

30  C 

136, 3W», 388, 389 

1*8,  [52- 59 1,11*6, 

50  F 

11,31*9 

31  C 

3,12,18,130,198, 

183,200,222,229, 

31  F 

1*,7, 11,18,20,206, 

33"»,535,5W, 

230,1*12 

1*07 

381,383 

17  E 

[1*-6],2U,25, 27,29, 

1-51  G 

8,9,10,22l*,l*65 

Fn  10 

217,219,226 

50,39,1*0,1*9,52, 

1  G 

125 

1-31  D 

lU57-'t62 1,1*65 

53, 1 55- 571, [ 60- 

2  G 

125 

1  D 

125 

621,11*7,11*8,200, 

3  G 

8 

2  D 

125 

(250-2321 

U  0 

9,125 

5D 

U63 

16  E 

1*,5,15, 19, 25,63, 

5  0 

7,8 

k  D 

125 

61t,lU9,200,217, 

6  G 

[8-101,21 

5  D 

137,292,1163 

226,1*00 
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8,9,20 

20  I 

2,16,21 

10  K 

2,18,22,81,82,96, 

8  G 

392 

21  I 

2,16,21,88,300, 

116,(163-1651, 

9  G 

[8-l01,5l»8 

307,511 

(252-2561,272, 

11  0 

125 

22  I 

2,16,500,307,311, 

260,29l*,303,315, 

12  G 

125 

1.22 

3ll*,5H6,U30 

15  0 

9,10,21 

25,21*  I 

125 

11  K 

2, 22,101., 166, 

Ih  G 

125 

26  I 

2,16,300,507,3U, 

167,(257-2621, 

15,16AT  0 

[8-10] 

525,1*22 

272,276, 28U,289, 

l8  G 

8,10 

27  I 

125 

29'*,505,515 

19  G 

2,[8-10],20,21 

28  I 

2,16,91*, 307,1*16 

12  K 

125 

20,21  G 

2,[8-10],21 

29,50  I 

125 

15  K 

2,17,18,21,272,276, 

22  G 

9,10 

51 1 

16,18,96,298,301, 

31.6 

25  G 

125 

307,1*25 

lU  K 

2,17,18,21,22,79, 

2U  G 

125 

1-51  J 

2,17,21,81.,92,2lH, 

105,106,168, 

25  G 

8,9 

291*, 1*65 

169,263, 261., 272, 

26  G 

[8-101,20 

2  J 

1.10 

276, 291*,  303, 

27  G 

25 

5  J 

18,21 

516,517,31*6, 

28  G 

[8-10] 

1*  J 

18,21,79,21.1 

1*31 

29  G 

125 

5  J 

18,21,307 

15  K 

2,17,18,21,22,83, 

50  G 

8,9,125 

6  J 

2,17,18,21 

81*, 107,265,266, 

51  G 

[7-101 

7  J 

2,18,21 

272,276,303, 

1-51  H 

8,9,10,22U,lt65 

10  J 

2,18,21,81,82,86, 

505,515,511*, 

1  H 

125 

21.1,251 

31*6,1*50 

2  H 

125 

U  J 

18,125 

16  K 

2,18,21,22,80, 

5,1*  H 

[8-101 

12  J 

125 

(U>U5 1,170, 

5  H 

[a-101,21,U55,lt5'* 

15  J 

2,17,18,21 

171,272,276, 

6  H 

2, [8-101,21 

lU  J 

18,21 

503,505,318, 

7  H 

[8-101 

15  J 

2,17,18,21,83,81. 

31*6,(1.32-1*31*1 

8  H 

9,125 

16  J 

2,17,18,21,80 

17  K 

2,18,21,22,87,106, 

9  H 

[8-101,3U8,U5lt 

17  J 

18,21,87,1*35 

(121-12U1,(172- 

10  H 

(a.lO),lt06,U5U 

19  J 

2,17,18,21 

171*1,225,239,272, 

11,12  H 

125 

20  J 

2,17,18,21 

276,283,29l.,505, 

15  H 

2,(8-101,21 

21  J 

2,17,18,21,80,89 

311.,  518,  [  536- 

lU  H 

18-1011,125 

22  J 

2,17,18,21,90 

31*01,31*6,  [1*36- 

15  H 

[&-101,21,U06,U5l. 

23  J 

125 

1.391 

16  H 

[8-10], Itjl. 

21*  J 

125 

18  K 

17,18,151*, 175,208, 

17  H 

[S-10l,225,U06,lt5l» 

25  J 

18,21,91,92 

209,220,262,338, 

18  H 

8,10,71* 

26  J 

2,17,18,21 

31*1,3*2,31*6,1*21*, 

19,20  H 

2,18-101,21,227 

28  J 

2,17,18,21,79 

1*25,1.1*0 

21  H 

2,[8-101,21,51.7.U54 

30  J 

18,21, [210-2121 

19  K 

2,17,18,21,22,272, 

22  H 

[8-101,U5U 

31  J 

18,21 

291,5l'6 

23,2lt  H 

125 

Fn  5 

18 

20  K 

2,17,18,21,272,31*6 

25  H 

(8-101,75 

Fn  9 

18 

21  K 

2,17,18,21,22,80 

26  H 

9,76 

Fn  15 

18,21.1 

89,2U3,[267- 

27  H 

125 

1-31  K 

2,21,22,79,98,100, 

2691,272,279,505, 

26  H 

[8-101,77 

105,  [237-21*01, 

306,311., 519, 

29  H 

9,12U 

270,272,276,281*, 

31*6 

50H 

9,78,293,1*06 

292,505,1*1*8,1.65 

22  K 

2,17,16,21,90,101, 

51  H 

[8-101,1.5'* 

1  K 

2,17,18,(155-1571, 

(110-1121,21*6, 

1-31  I 

l6,lt6U,l*65 

272,276,277, 

(270-2721,276, 

1  I 

2,17,125 

294,51*6 

303,320,31*6 

2  I 

125 

2  K 

125 

23  K 

125 

3  I 

2,125 

5  K 

2,22, [158-1601, 

21*  K 

125 

U  I 

2,16,17,125 

276,29l*,302 

25  K 

17,91,21*6,270,272, 

5  I 

16,21,80,95 

U  K 

2,17,79,99,219, 

276,29l*,3lt6 

(295-2971,507 

276, 291*,  31*6 

26  K 

2,17,18,21,100, 

6  I 

2,16,21,216 

5K 

2,18,21,22,80,(21*1- 

101,109,272,276, 

7  I 

16,17,507,511, 

4l9,l»20 

21*51,272,276,278, 

503,306,310,322, 

279,(305-5061, 

31*6 

8  I 

125 

51.6,  U26, 1*27 

27K 

176, 272,  281.,  31*6 

9  I 

1*16 

6k 

2,17,18,21,22,272, 

26  K 

2,17,18,21,79,272, 

10  I 

16,18,21,307, 

276,51*6 

265,(321.- 328I, 

1*16, l»17 

7K 

2,17,18,21,100,101, 

5I.6 

11,12  I 

125 

21*6,21*7,272,281*. 
505,(308-3101,546 

29K 

286 

15  I 

2,16,21 

50  K 

18, 21,81., 21.1, 272, 

lU  I 

125 

8  K 

281 

287,1.55 

15  I 

16,85,307,5U, 

9K 

2,17,22,98,102,103, 

51  K 

2,18,21,22,96,97, 

(U7-1201, 152,153, 

177,178,(272- 

16  I 

16,507,511,1*15, 

161,162,  [21.8-250 1; 

2751,266,290, 

U16 

272,280,291., 303, 

291.,  329, 51*6, 

17  I 

88,299,1*16,1*21 

312,5l*6,5l*8,U28, 

1*55 

19  I 

2,16,17,21 

1*29 

Fn  11 

2,1*25 

Principal  Contributors: 
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2.   HUTRIEHTS:   ESSEBTIAL  ORGANIC  CCMPOUHDS:   AMINO  ACIDS,  PEPTIDES,  FRCTEINS 
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Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 
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1-2U  B 

2,3, [23- 311,32"*, 350 

22  C 

"•,5,8,170,171,175, 

11   E 

155,156,184,202, 

1  B 

1,2,3,125,52"* 

176,235, 3'»5,3'*6 

205,208,218,219, 

2  B 

1,2,3,550 

23  C 

"•,170,175 

221,260,504,505, 

3  B 

1,2,5,29,550 

Ac 

u, 170,171,175,323, 

550 

U  B 

1,2,3,325,528,550 

5".6 

12  E 

155,11*9,202,205, 

5  B 

1,2,5,25,526 

1-2U  D 

15-81,[22I*-21.81 

218,258,50"* 

6  B 

1,2,5,25 

1  D 

5,175 

13  E 

155,(202-2041,209, 

7  B 

1,2,3,23,325 

2  D 

[225-2281 

218,219,221,222, 

8  B 

1,2,3,23 

5  D 

175, 189 

258,504,506 

9  B 

1,2,5,25 

U  D 

175,189,555 

ll^  E 

155,136,179,180, 

10  B 

1,2,5,23,327 

5  D 

175,189 

(202-2041,(218- 

11  B 

1,2,3,25,526 

6  D 

1U5,175,189.224 

2211,260,506 

12  B 

1,2,3,25,50 

7  D 

165,175,189 

15  E 

135,136,184,(202- 

13, 11*  B 

1,2,3,23 

9  D 

175,189 

2041,(218-2221, 

15  B 

1,2,3,25,526 

10  D 

175,189 

258,504,330 

16- 2U  B 

1,2,5,23 
ll*-8J,15l», 155,176 

11  D 

165,175,189,221. 

16  E 

155,202,209,(219- 

1-21*  c 

12  D 

150,175,189 

2211,258,260 

1  C 

(l*-6 1,(15"*- 1561, 

15  D 

151,175,189,226,351 

17  E 

135,156,202,204, 

162,168,169,178, 

1"*-16  D 

175,189 

(219-2221,(250- 

5U0,5U7,5W 

17  D 

151,189,352 

232 1,258, 504 

2  C 

1*, 5,15"*, 1 159-1611, 

18  D 

175,189,225 

18   E 

155,156,184,202,204, 

16"*,5"»0,5"*7 

19-21  D 

175,189 

209,(218-220], 

3  C 

".,5, 56, 167,175, 5"*0 

22  D 

175,189,227,553 

222,273,304,550 

l»  C 

[U-81,15U, 167,170, 

25  D 

175,189,226 

19  E 

155,202,219,258, 

171,175,175,176, 

2"*  D 

175,189,22* 

275,506 

5"*0,5"*6 

1-2"*  E 

[6-91,105,106,108 

20  E 

155,202,207,209, 

5C 

"*, 8, 166, 170, 171, 

5-2"»  E 

[131-1571 

(219-2211 

17't,175,5"*J* 

1  E 

lUl,202,205,255, 

21  E 

155,202,209,219, 

6  C 

5,8,129,170,171, 

27"*,  275 

221 

175,176,225,507, 

2  E 

8,202,205, [2U0- 

22  E 

155,156,184,(202- 

546 

2531,255 

i2041,2l8, 219,221, 

7C 

U,5, 170,173,175, 5"*"* 

5  E 

8,(138-l"*Ol,l83, 

222,255,254,258, 

8C 

U,8,176,225,5"*6 

202,203,[2"*1- 

260,504,550 

9C 

U,178,5U6 

21*81,255,256 

25  E 

155,156,(202-2041, 

10  C 

168,170, 117"*-1761, 

"*  E 

105,106,155,156, 

209,218,219,221, 

5U6 

lUl,lU2,202,20 

222,258,260,550 

lie 

170,171,175,175, 

217,218,256, [255- 

2"*   E 

135,136,179,180, 

5W.,346 

2751, [276-5051, 

184,202,203, 

12  C 

"*, 166, 170, 171, 171*, 

550 

(219-2221,258, 

175,181 

5  E 

202,205,209,  [218- 

504,506 

13  C 

129,150,170,171, 

2211,258,506 

1-2"*  F 

10,11,14,16,19,121, 

175,176,508,509, 

6  E 

135, 136,  [IU5- 11*71, 

[195-1951,197, 

512 

l8l*,(2Q2-20"*l, 

199,200,556 

lU  C 

U,170,171, 175,176, 

209,  [218-2221, 

1   F 

10,11,14,16,19,23, 

523,5"*6 

256,258,260 

121,(186-188], 

15  C 

"•,166,168,170,171, 

7  E 

135,202,205,205, 

(193-1951,556 

17"*,  175, 229, 51*6 

206,209,218,219, 

2  F 

1,(556-558] 

16  C 

"•,170,171,175,176, 

258 

5  F 

110,192,201 

5U6 

8  E 

1"*8 

".  F 

25,115,(186-188], 

17  C 

U, 128, 156, 167, 170, 

9  E 

185,202,203, [237- 

199,556 

172,175,176,5"*3, 

239l,3"*l 

5  F 

25,186 

5U6 

10  E 

135,202,205,  [218- 

6  F 

25,559 

18  C 

"•,170,171,175,176 

220];222,[237- 

7  F 

23,115,187,536 

19  C 

"*  ,170,171, 175,175, 

2591,258,260, 

8  F 

539 

176,5^6 

(268-2711,273, 

9  F 

23 

20  C 

U,8, 170, 171, 175, 181 

(50"*-5061,5"*l 

10  F 

1 

21  C 

"», 167,170,172,175, 
3"*6 

U  F 

25,336 
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2.     mrTRIElWS:      ESSEWriAL  OHGAHIC  COMPOUNDS:     AMINO  ACIDS,   PEPTIDES,   PROTEINS     (Continued) 


Data  Coordinates 
and  Footnotes 


12  F 


15, lU, 15,16,17, 
18,19,20,21, 
22  F 

25  F 

2U  F 

1-2"*  G 


1  0 

2  G 
5,1*  G 

5,6  G 
7  G 

11  G 

12  G 

13  G 

15,16  0 

17  G 

18,19,20  G 
22,25,2U  G 
I-2U  H 


1  H 

2  H 
}  H 

l»  H 

5  H 

6  H 

7  H 

8  H 

9  H 

10  H 


References 


25,115,188,192,517, 
556 


23 

1 

25 

10, [12-lU), 19,97, 

98,110,111,190, 

(196-1961,200, 

21U, 515, 516, 321, 

322 
[12-11*1,19,190,191, 

316,522 
[12-lU 1,19, 190, 191 
[12-1^1,19,190,191, 

516 
(12- lit  1,191, 192, 316 
(12-11*1,110,191, 

192,316 
(12-11*1,112,(190- 

1921,316,318 
(12- lUl,  (190-1921, 

316 
(12-11*1,109,110, 

112,191,192,316 
(12-lU 1,191, 192, 316 
112 

(12-11*1,191,192,516 

(12-11*1,191,192,516 

12-11*1,(17-191,99, 

100,  lu,  190, 191, 

(196-1981,200, 

(511-5151 
(12-11*1,17,18,153, 

192,330 
(12-11*1,17,18,153, 

213, 211*, 550 
(12-11*1,17,18,108 

152,155,192,(210- 

2151,215,216, 

[510-311*1,519, 

320,550 
[12-11*1,17,18,153, 

192,550 
[12-11*1,17,18,155, 

210 
[12-11*1,17,18,107, 

108,  U7, 155 
[12-11*1,17,18,107, 

108,155,210 
[12-11*1,17,18,153 
[12-11*1,17,18,111*, 

U8, 153 
(12-lUl, 17,18,108, 

11U,U8,155 
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and  Footnotes 


References 


11  H 

12  H 

13  H 

lU  H 

15  H 

16  H 

17  H 

18  H 

19  H 

20  H 

21  H 

22  H 

25  H 

21*  H 

l-2l*   I 

1  I 

2  I 

3  I 
1*   I 

5  I 

6  I 

7  I 

8  I 

9  I 

10  I 

11  I 

12  I 

13  I 
1U,15  I 

16  I 

17  I 


[12-11*1,17,18,107, 

108,153 
(12-11*1,17,18,108, 

155,192,210 
(12-lUl, 100,107, 

108,116,117,119, 

120 
(12-lU 1,100, 108, 

116,117,119 
(12-11*1,100,116, 

117,119,210 
[12-11*1,100,108, 

116,117,119 
(12-11*1,100,107, 

108,  111*,  116, 117, 

119 
[12-11*1,100,108, 

116, 117,  U9 
[12-11*1,18,155 
[12-11*1, 18,U7,155 
[12-11*1,17,18,100, 

108,ll6,U7,U9, 

153 
(12-11*1,17,18,100, 

108, 116,  U7, 119, 

120 
(12-11*1,17,18,108, 

115,155,210 

12-lU  1,17, 18, 108, 
117,155 
15,21 
15,21 
15,21,10U 
15,21 
15,21,31*9 
15,75,76,80,102, 

127,51*9 
15, (77-821, 105, 5'»9 
15,75,76,80,8l,8U, 

102, 3U9 
15 

15,76, 5'»9 
15,(77-80l,82,8U, 

86,87, 105, 5^*9 
15,75,76,80,8l,8U, 

102,105,51*9 
15,(76-79l,8l,8U, 

88,102,105,5U9, 
15,(76-801,82,105, 

3U9 
15,(75-801,105, 

127, 5U9 
15,(75-801,90,101, 

105,127,5U9 
15,(75-801,95,105, 

5U9 
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and  Footnotes 


18  I 

19  I 

20  I 

21  I 

22  I 
25  I 

2U   I 

1  J 

2  J 
1-2U  K 


1  K 

2  K 

3  K 

U  K 

5  K 

6  K 


References 


7  K 
8k 

9  K 

10  K 

11  K 

12  K 

15  K 

ll*,15  K 

16  K 

17  K 

18  K 

19,20  K 

21  K 

22  K 

23  K 

2U  K 

Footnotes  U-6, 
8-12,lU-26 


15, (76-801, 105, 5U9 
15,75,76,80,8l,8U, 

88,102,127,51*9 
15,75,76,80,8l,8U, 

102,127,5''9 
15,(76-801,102, 

105, 3U9 
15,  (76-801, 82,8U,88| 

90,95,103, 3U9 
15,75, 76,80,8l,8U, 
101, 102, 105, 5U9 
15,(79-801,82,88, 

105, 5U9 
355 
355 

20,22,52,55,59, 
122,125,1551- 
331*1 
20,22,32,55 
20,22,52,55,71 
20,22,52,55,(56- 

581 
20, 22, 52, 33,39, (Ul- 

U5l,l52-5U1,71 
35,[U1-511 
35,[U1-511,70,72, 

7U,85,157 
55,(1*1-511 
33,l*0,U5,85 
U5,56,126 
(Ul-511, 59,125, 

126,157 
53, (Ul-511, 158 
(55-351, (Ul- 511, 

7U,12U,157 
53, [Ul-511, 55,60, 

72,73,89 
35, (Ul-511, 72. 73, 

157 
33,(1*1-511,57,58, 
[6l-ai,72,91, 
92,157 
55,[U1-511,72,7U, 

9U, 123, 157 
35, (Ul-511, 72, 75, 

125,157 
55, (Ul-511 
53, (Ul-511, 72,73, 

157 
55, (Ul-511, 57, 58, 

(65-671,72,95,157 
55,  (Ul-511, 68,69, 

125,157 
55(11*1-511, 72, 7U, 
9U,96,157 

55U 
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1-49  B 

540,699 

25  C 

2,559,540 

1-49  D 

2,6,(8-111,(16-18], 

1-49  c 

2,359,540,699 

24  C 

1,359,51*0 

23,201,540,699 

1  C 

2,3,347,359,51*0 

25  C 

2, 1 4-61, 359, 5UO 

1   D 

2,3,216,1219-2211, 

2  C 

2, 5, 31*8, 559, 51*0 

26-28  C 

1,559,540 

540 

3  C 

2,13-61,349,359,51*0 

29  C 

2,5,556,359,51*0 

2  D 

2,5,45,216,222, 

4  C 

2,15-61,550,559,51*0 

30,31  c 

1,559,51*0 

444,51*0 

5  C 

2,4,551,559,51*0 

32  C 

2,359,51*0 

3  D 

2,(4-61,15,216, 

6  C 

2,3,359,540 

53-35  C 

1,359,51*0 

[222-2241,240, 

7  C 

2, 3, 6, 352, 559, 51*0 

36  C 

2,14-61,351,559,51*0 

545,443,51*0 

8  C 

2,(4-61,353,559,51*0 

37  C 

2,14-61,549,359,51*0 

4  D 

(4-61,216,227,345, 

9C 

2,13-51,351,359,51*0 

38  C 

2,  lU-61, 359,51*0 

540 

10,  U  C 

2,ll»-61, 551*, 559,540 

39  C 

1,359,51*0 

5  D 

1,2,216,540 

12  C 

2,  [l»-6 1,351, 359, 540 

40  C 

2,1*,  5, 359, 51*0 

6  D 

2,3,216,540 

13  c 

2,14-61,549,559,51.0 

41,42  C 

1,359,51*0 

7  D 

3,6,13,216,540 

14-16  C 

2,(4-61,349,355, 

43  c 

2,  (4-6 1,549, 359, 51*0 

8  D 

2,(4-61,14,216,225, 

559,51*0 

44  C 

2,4,5,559,5U0 

224, 51*5, 1*1*5, W*, 

17  C 

2,14-61,549,359,540 

45  C 

2,7,559,51*0 

540 

18  C 

2,(4-61,551,359,540 

46  C 

1,359,51*0 

9  D 

(1-51,216,540 

19  C 

2, (4-6 1,349, 559, 5U0 

47  C 

2,(4-61,559,540 

10,11  D 

2,(4-61,8,15,216, 

20,21  C 

1,359,540 

46  C 

2,5,356,359,51*0 

225,225,545,443, 

22  C 

2,  ll«-6), 359,540 

49  C 

2,4,5,359,51*0 

444.540,681,662 
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Data  Coordinates 
and  Footnotes 


Contributors 
and  References 


Data  Coordinates 
and  Footnotes 


Contributors 
and  References 


Data  Coordinates 
and  Footnotes 


Contributors 
and  References 


12  D 

13  D 

lh~l6  D 

17   D 

18  D 

19  D 


20  D 

21  D 

22  D 

25  D 

2lt  D 

25  D 

26  D 

27  D 

28  D 

29  D 

50  D 

31,5a 

33  D 

34  D 

35  D 

56  D 

37  D 

38  D 

39  D 

kO  D 

ltl,l;2 

1*3  D 

ItJt  D 

1(5  D 

1*6  D 

1*7  D 

k8  D 

U9  D 

1-U9  E 

1  E 

2  E 

3  E 

It  E 

5  E 

6  E 

7  E 

8  E 


9  E 
10,  U  E 


12  E 


13  E 
llt-l6  E 


2,  [lt-6], 216,226, 

3U5,UW*,5ltO 
l,[l*-6], 216, 51*0, 

601*,  673 
2,[l*-6]2l6,222, 

221*,  345,  Wt3,  51*0, 

598, 673, 695, 69U 
2,8,9,2l6,3l*5,W*, 

51*0,658 
2,9,18,19,  (2'*-29l, 

1*1,202,216,1223- 

225l,355,5l*5,l*J*3, 

1*1*1), 51*0 
[1*-61, 8,13,35,202, 

222,51*0 
598,599 
l,5U0 
1,11,5^0 
1,51*0 

1,8,9,(608-611] 
8,539,51*0 
[l*-6],13,U9,5UO 
1,601* 
1 
1,3,20,21,539,5'fO 

1,9 

1,51*0 

1,1*80,51*0 

1,9 

1 

l,[l*-61,15,5UO 

2,10,12,18,25,216, 

222, 1*1*3,  W*,  51*0 
[1*-61, 9, 13,22,23, 

51*0 
1,51*0 

1,1*,  5, 539, 51*0 
[l*.6],8,9,13,'t9 
[l*-61,9,2lt,  [30-321, 

216,335,539,51*0 
1,1*,  5, 539, 51*0 
1,7,51*0 
1,51*0 
[U-6), 30,51,33, 51*, 

216, 335, 1*1*1*,  559, 

51*0 
1,3,20,21,539,51*0 
l,l*,5,5l*0 
6,8,  [9- 12), 16, 

227,51*0,699 
2,3,9,51*0 
3,9,1*5, 51*0 
[l*-6], 9,13,  (1*2-1*1*), 

(1*7-1*9), 162,180, 

218,227,1*1*1,51*0, 

565 
1,(1*-61, 13,1*9,227, 

51*0,656 
1,51*0 

3,9,51*0,566 
3,6,9,13,51*0 
[1*-6],10,13,38,1*3, 

(1*7-1*9),  162, 179, 

180,216,227,239, 

1*1*1,51*0,651* 
1,3,9,216,51*0 
(l*-6), 12,13,1*3,1*9, 

162,216,1*1*1,51*0, 

567,568,(679-682) 
(l*-6), 9,13,1*3,1*9, 

162,216,227,21*0, 

21*2,1*1*1,51*0 
1,(1*-6),13,U9,216, 

51*0, 601*,  673 
(l*-6), 13,1*3, (1*6- 

1*9], 216,227,1*1*1, 

51*0,567,598,601, 
601*,  623, 673, 691* 


17  E 

18  E 


19  E 

20  E 
21,28,30-32,39  E 

22  E 

23  E 
21*  E 

25  E 

26  E 

27  E 
29  E 
55  E 
31*  E 

55  E 

56  E 

37  E 

38  E 

1*0,1*1*  E 
1*1,  U2  E 
1*5  E 

1*5  E 
U6  E 
1*7  E 


U8  E 
1*9  E 
1-1*9  F 

1  F 

2  F 

5  F 


1*  F 

5  F 

6  F 

7  F 

8  F 

9  F 

10  F 


11  F 

12  F 

13  F 
11*,  15  F 

16  F 

17  F 

18  F 


ll*-6], 9,13,1*9,216, 

51*0,673 
[36-1*0],  1*3, 11*1*,  216, 

(227-235), 1*1*1, 
51*0,  (568- 571), 602 
[l*-6), 11,15,1*9,21*1, 

51*0,673,686 
598,599,603 
1,51*0 

9,11,52,368,51*0 
1,53,51*0 

1,8,9,51*0,608,611 
369,51*0 
[l*-6),15,U9,5l*0, 

673,688 
601* 

1,5,20,21,51*0 
1,1*80,51*0 
1,(675-678] 
1 

[l*-6],15,l*9,5l*0 
[1*-6],15,1*9,191, 

192,1*1*2,51*0 
[1*-6),10,11,13,U9, 

51*0 
l,l*,5,5l*0 
(l*-6),13,U9,5l*0 
(1*-6),13,36,37,59, 

l*0,U3,U9,251,5l*0 
1,7,51*0 
1,5,20,21.51*0 
ll*-6),U,15,36,37, 

59,1*0, U3,U9,251, 

51*0 
369,51*0 
1,51*0 
>*, 5,10,11,12,16, 

1*9, 11*1*,  699 
1,5,10,51*0,596,597 
3,10,11,61,62,362, 

563,51*0,560 
U,5,8,(10-15),l*9, 

[163-I69),ll*l*, 

227,360,51*0 
l*,[IO-12),63,6U, 

11*1*, 1*50, 51*0 
1*, 11,65, 66,11*1*, 169, 

170,51*0,561,562 
1,3,10,51*0 
1,3,6,10,13,51*0 
1*,  (10- 12), 1*9, 51*0,565 
3, 11, 11*4, 565, 51*0 
U, 5,(10-15), 1*9,11*1*, 

[181- 183),  360, 51*0, 

681, 682, 681*,  685 
4,5,(10-13), 1*9,11*1*, 

(181- 185),  560, 

540,(681-684) 
[4-6),(10-B) , 49,(67- 

77), 144, 185,184, 

560,495,525,51*0 
[4-6], 11, 12, 144, 

[171-178), 480,493, 

540,564,604,673 
[4-6], [10-13), 49, 

(78-81), 144, 168, 

185,185,540,601, 

625,624,673,(691- 
693) 
[4-6],  (10-13), 49, 

[78-81), 144, 168, 

185,185,51*0,601, 

625,624,675 
4,5,(10-151,1*9,(82- 

881,144,184,1186- 

188 1,540,675 
(4-6), [10-15],  [89- 

951,11*4,184,189, 

51*0.657 


19  F 

20  F 

21  F 

22  F 

25  F 

24  F 

25  F 


26  F 

27  F 

28  F 


29  F 

50  F 

51  F 

52  F 

55  F 

54  F 

35  F 

36  F 


37  F 

38  F 

59  F 

40  F 
41,42  F 

1*5  F 

44  F 

1*5  F 

46  F 

47  F 

48  F 


49  F 

1-49  0 

1  a 

2  G 
5,1*  G 
5  G 
6-14  G 
15  G 
16-42  G 
43  G 
44-46  G 
47  G 
48,49  G 
1-49  H 


1.2  H 

3  B 

4  H 

5  H 

6-17  H 
18  H 

19-22  H 
23  H 
24-58  H 


4-6  ],[  10-13  ],190j 
366,540 
598,599 
1,51*0 
[4-61,11, [50-52], 

368,495,51*0 
1,55,51*0 

8,9,558,604,605,608 
(4-6), 111-15], 49, 

91*,  95, 144, 570, 

540 
4, 5, 6, 15,11*1*,  51*0, 

541,657,673,689, 

690 
[4-6), 13,49,51*0, 

604,625,673 
480,493,604,(626- 

6351,639,644, 

645,495 
1,5,20,21,540 
604,605 
493,(614-620] 
(55-571,564,480, 

540 
1,430,529,51*0 
558,606,607,659, 

660,(673-678] 
612,615 
[4-6], (11-15), 49, 

185,564,367, 

525,51*0,673,687 
[4-6], 110-131,49, 

l44,5ltO 
[4-6], [10-131,49, 

194,564,540 
480,540,658,641, 

642,645 
4,5,11,51*0 
(4-61,11,13,49,11*1*, 

540,598,600, 

621, 6g2 
(4-61. (11-131, 49, 

195,51*0 
4,5,11,564 
1,7,51*0 
1,3,20,21,540 
[4-61,(11-131,49, 

195,364,540 
[4-6], [11-151,49, 

91*, 95, ll*!*,!*  70, 

540 
3,540 
[96- 98], 113,51*0, 

699 
1.96,  97,98 
99 

96,97,98 
117 
96-98 
100 

1,(96-981,358 
100 

1,(96-98] 
100 

1,(96-98] 
16,97,98,1101- 

1051,115,118, 

540,699 
1,51*0 

115,117,51*0 
1,51*0 

1,(115-1171,127, 

540,648 
1,540 
98,(101-1051,115. 

U7, 127, 51*0 
1,540 
116,51*0 
1,540 
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Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

59  H 

51*2 

2  J 

128,129,152,1*1*6, 

1  L 

3, 58,201*. 215,217, 

U0-U2  H 

1,5^0 

51*0,562 

(2U3-2l.61,(578- 

1.3  H 

U,98,[101-103],lll, 

3  J 

1*.  5, 128. 129, 152, 

3951,11*52-1.591, 

115,117,127,51*0 

11*6, 1U9, 150, 152; 

51.0,51*5,51.6, 

lA  H 

1,51*0 

155,155,156,269, 

654,662 

U5  H 

116,51*0 

51*0 

.2  L 

3, 58,  201*,  212,  215, 

k6  H 

1,51*0 

U  J 

U.5.128. 129,151*, 

217,21*1*. 261, 262, 

1*7  H 

1*,98,  (101-1031,111, 

138. 11*6,  (lU  9- 

556.51*1.(371- 

U5, 117, 127, 51*0 

1511,(155-1551, 

3771.1*30,(1*96- 

ue  H 

1.51*0 

280,  ltJ*7, 1*1*8, 51*0 

521*1, 51*0. 5U5. 51*7 

U9  H 

1,11.6,51*0 

5  J 

1,128,11*7,1*1*8,51*0 

5  L 

13-51,58,212,215, 

1-1*9  I 

U,5,(101-105),113, 

6  J 

128,129,11*8,253, 

217,(263-2681, 

118, 51*0, 699 

1*1*8,51*0,565 

556, 591*,  51*0, 51*5, 

1  I 

3,102,103,51*0,572 

7  J 

128,129,21*7,1*1*8, 

51*8,651,655 

2  I 

102, 103, llU, 123, 

51*0,561* 

1*  L 

U,5,58,201*,215,217, 

125,126,51*0,(573- 

8  J 

1*,  5, 128, 129, 158, 

266,(271*-2791, 

575) 

159,(11*9-1511, 

556,51*2,(591*- 

3  I 

102,103,107,(270- 

156,1*1*8,51*0 

5991,1*1*9,1*51, 

273151*0,(576-578] 

9  J 

128,129.11*6,156. 

1*80,540,51*5,51*9 

1.  I 

1,105,271,579 

1*1*8.51*0 

5  L 

1*.  201*.  211*,  215, 217, 

5  I 

(102-101*1,108,117, 

10,  n  J 

1*.  5, 128. 129. 155. 

552,333,5l*5,5W*, 

273,  U39, 51*0 

11*0,11*1.(11*9- 

[1*00-1*031,(1*80- 

6  I 

1,(101-1031,51*0 

1511,115l*-157l, 

1*921.51*0,51*5 

7  I 

1,(101-1031,5^0, 

160,1*1*8,51*0,565 

6  L 

3.58,212,215,217, 

662,665 

12  J 

1*,  5, 128, 129, 155, 

21*1*.  (21*8-2521. 

8  I 

1,103,51*0,655 

11*2,11*5,(11*9- 

(1*01*-1*16 1.(1*60. 

9  I 

1,108,51*0 

151 1,(151*- 1571, 

471*1.51*0.51*5, 

10,11  I 

'4,[102-10U,107,112, 

1*1*8,51*0,566 

550,654,(666-6721 

119,120,122,272, 

15  J 

1*,  5, 128,  (135-1571, 

7  L 

5,58,204,211,212, 

51*0,581 

11*9,155,156,161, 

215,217,240,(254- 

12   I 

1*,  (102-101*1,107, 

269, 286, 1*1*8.  U60. 

2571,(536-3591, 

119,120,270,271, 

5UO.566.568 

417,418,(475- 

273,51*6,51*0 

11*- 16  J 

U, 5, 128, 129, 155. 

4791,540,545, 

13  I 

(102-101*1,107,109, 

• 

11*5,(11*9-1511, 

551,654 

271,287,540,580, 

(153-1591, W*8, 

8  L 

15-51,58,204,215, 

673 

51*0 

217,252,(288-2921, 

lU-16  I 

1*,5,(101-10U1,107, 

17  J 

1*,  5, 128. 129, 135, 

394,480,540,545, 

121,122,270,315, 

11*5,(11*9-1511, 

552 

51*0,51*3,(581-5831 

(155-1591,1.1*8, 

9  L 

3,58,204,215,217, 

17  I 

1*,  (101- 101*1,  ( 107- 

51*0.565 

(258-2601,31*0, 

1091,120,122,(270; 

18  J 

U, 5, 128, 129. 155, 

1*19,540,545,555 

2731,51*0,582,583, 

(11.9-1511,(153- 

10,11  L 

4,5,58,203,213,215, 

585,589 

1591,1*1*8,51*0, 

217,252,(292-297! 

18  I 

1»,5,99,  [101-101*1, 

567 

1*20,430,51*0,545, 

(107-1091,119,120, 

19  J 

l,(l*-6],l*J*8,5l*0 

658 

(270-2731,561,1*1*0 

20,21  J 

1,51*0,598,599 

12  L 

(5-51,58,206,215, 

51*0,(581-5881 

22  J 

1,128.51*0 

217,227,265,267, 

19  I 

l,U,6,103,5l*0 

25  J 

1.105,128,51*0 

(298-5021,(421- 

20,21  I 

1,51*0,598,599 

21*  J 

1.51*0 

4251,480,(525- 

22  I 

l,l*,6,103,5l*0,5U3 

25  J 

1.128,1*1*8,51*0 

5281,540,545 

23  I 

1, 103,  U6, 51*0 

26  J 

l*,5,5l*0 

13  L 

4,5,58,20l.,212,215, 

2k   I 

1,51*0 

27  J 

5U0.601*,635 

217,252,(281-2851, 

25  I 

103,577,590 

28  J 

1,51*0 

(571-5771,480, 

26  I 

1,51*0 

29  J 

1,128,1*1*8,51*0 

(495-4951,(505- 

27  I 

1,51*0,51*3,656,637, 

30.31  J 

1,51*0 

5081,540,545,640, 

695,696 

52  J 

1,55,128.1*1*8.51*0 

649,661 

28  I 

697 

55-55  J 

1,51*0 

11*- 16  L 

(5-51,58,203,215, 

29-35  I 

1,51*0 

36  J 

l,(l*-61,5l*0 

217,265,279,(509- 

36  I 

1,1*,  6, 51*0, 589 

37  J 

1,128.129,153,(11*9- 

5141,(426-4291, 

37  I 

102,105,270,272, 

1511,1*1*8,51*0 

480,540,545,554, 

308,51*0,591,592 

58  J 

,1.128.51*0 

555,673 

58  I 

103,51*0 

39  J 

'1,51*0 

17  L 

(3-51,58,204,215, 

39  I 

1,51*0 

1*0  J 

1,128.51*0 

217,258,265,279, 

itO  I 

107,51*0,593 

W,l*2  J 

(l*-61,5l*0 

(316-3241,419, 

1*1,1*2  I 

(l*-61, 15,1*9,103, 

U3,1*J*  J 

1,28,51*0 

(1.30-4341,480, 

51*0,5^3 

1*5  J 

1,106,128,51*0 

540,545 

U3  I 

1*,(1D1-1031,U1,12U, 

U6  J 

1,51*0 

18  L 

(5-51,58,208,215 

51*0,5911,595 

U7  J 

1,128,51*0 

217,278,(325- 

1*1*  I 

1,1*, 5, 105, 101*, 51*0 

US  J 

1 

3511, [455-4581, 

1*5,1*6  I 

1,51*0 

1*9  J 

128,51*0 

480,51*0,51*5 

U7  I 

U,( 101-103 1,111, 

21  K 

5U5 

19  L 

(5-51,206,540 

121*,5l*0,591*,595 

1-U9  L 

(5-51,(58-601, 

20  L 

1,540,598,599,652 

kB  I 

105,577,590 

215,(571-5771, 

21  L 

5,540,545,654, 

U9  I 

1,51*0 

U5U,  1*80, 51*0, 

(662-6641 

1-1*9  J 

U,  5, 128, 129, 150, 

51*5,(556-5611, 

22  L 

(5-61,206,209,480, 

51*0,51*1.,  569, 699 

699 

495,540,650 

I  J 

5,128,129,151,11*8, 

25  L 

106,540 

2U7,1*1.5,5U0,562 

2U,30,51  L 

1,540 

(Continued  on  the  next  page) 


270 


k.      NUTRIENTS:   ESSEfTTIAL  0R3ABIC  COMPOUNDS:   VITAMISS  AND  RELATED  COMPOUNDS  (Continued) 


Data  Coordinates 

Data  Coordinates 
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*  L 

14-61,51*0 

55  L 

1,540,604 

45  L 

(4-61,208,540 

26  L 

4,5,540 

56  L 

(5-61,206,540 

44  L 

4,5,540 

27  L 

11,5,540,604,661 

57  L 

(5-61,204,(505- 

45  L 

106,540 

28  1. 

1,540,659,640, 

5071,540,545 

46  L 

5,20,21,205,540 

646,647 

58  L 

(4-61,540 

47  L 

(5-61,208,540 

29  L 

5,20,21,205,540 

59  L 

1,480,540,641, 

48  L 

(4-61,540 

32  L 

11,480,540 

642,645 

49  L 

4,5,540,545 

33  L 

1,480,(529-5571,540 

40  L 

(5-51,204,540 

Fn  5-26 

698 

54  L 

1,540,604,659,660 

41,42  L 

(4-61,540 
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609,   1952.      (477)  Draper,   H     H^t  al-,   J.  '^""^°?,Sl;'2''   ^^  0     ^       {^e     H     J.,   aid  Salomon,   L.,  Ann.   Rev.  Blochem. 
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160-155     19I.5       (55^)  EddyT  W.   H.,   and  DaUdorf,  G.,  The  avltaminoaea.   Baltimore:  Williams  &  Wllkins  Co.,    1941.      (557     Food 
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445,455,454, 
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[456-4621,(465- 

7  E 

1 

20  F 

1 

4681,617 

8  E 
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21  F 
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4281,436,(438- 
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371*, 378,1.10,1.17, 

(465-4701,698, 

186,187,632 

1*28,1*35,617 
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12  E 

[121*- 1261, 203,(273- 

1  G 

luo,  151*,  191*,  (351*- 

23  H 

1 

280] 

3561,37U,U10 

1-23  I 

193,471,472,516 

13  E 

121*,  126, 189, 273 

2  G 
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1  I 

[471-474(,(476- 

lU  E 

[121*- 1261, 186,187, 

3  G 

133,1*0,153,(351*- 

4781,(501-503), 

189,(195-198], 

356],  (361*- 3711, 

516,616 

213,273,285,678, 

37l.,l.lO,U37, 
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15  E 

[12l*-1261, 186,187, 
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3-7  I 
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8  I 
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9-13  I 
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678,(681-6851 

1*35,1*37,599 
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1 

16  E 

[121*- 126], 186,187, 
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471,(480-488], 

189,193,197, 
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354.371*, U35,1.37, 

516,614 
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1*1*7,638 

17  I 

475,481,484,485, 

(215-2171,(221- 

15  G 

437 

488,512 
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193,354,355,1357- 

18  I 

471,  ( 475-481 1,4S8, 

3281,350,610, 

3591,364,365. 

( 509-516 1 

[678-680] 

373,374,410,435, 

19  I 

1 

17  E 

(115-1261,193,199, 

442,463,617 

20  I 

471,472,485,489, 

201*,217,250,309, 

17  0 

193,(355-358], 

490,(494-496] 

310,31*3,675 

374,410 

21   I 

471,472,484,485, 

18  E 

(121.-1261,193,299, 

18  G 

193,370,374,412, 

[489-4951,(497- 

(310-3201,(338- 

413 

4991 

31.21,(675-6771 

19  G 

1 

22  I 

484,498,499 

19  E 

186,187,(200-202], 

20  G 

447 

23  I 

500 

273,(293-2971, 

21  G 

354,365,442,443, 

1  J 

516 

636,678 

452,455,463,617 

1-23  K 

193,519,520, 

20  E 

Il2l*.l26],ai9,273, 

22  G 

441,696 

[604-607] 

678 

23  G 

599 

1  K 

519,520,597,687 
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519,565 
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[550-5551,567, 

( 55O-55U 1,(557- 

21  K 

519,(561-56U1, 

657,688 

5U7l,5l*9,66J.,690, 

[565-5671,1572- 

U-7  K 

1 

691 

57U 1,576, [705- 

8,9  K 

519 

17  K 

195,525, [555-5571, 

7121 

10-15  K 

1 

5'»71,5'»9,66U,690 

22  K 

519,  [561- 5641, [ 566- 

lU   K 

519,555 

18  K 

195,  [521-5251,51*8, 

5711.  [691.-6961, 

15  K 

596,597,600,602, 

575,598,66l*,688, 

711, 715, Tilt 

611,615,689, 

690 

25  K 

517,518 

690,692,695 

19  K 

519,[555-5601 
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8.      NUTBIElfrS:      GEHERAL  CARBOH  SOURCES      (Concluded) 
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105,1214,127,219 
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(223-2261 

25  B 

208,530 

(91*- 96 1,108, 125, 

1-6  G 

208 

2k  B 

35,79,282,331 

. 

125,161,(178-1801 
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[223-2261 

25  B 
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9.   NOTRIZBTS:   SULFUR  SOURCES   (Continued) 
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10.   OTILIZATIOH  OF  CHBCICAL  ELBffim'S:   INSECTS 
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ReYlevere!  Ball,  G.  H.;  Beck,  S.  D.;  Clark,  E.  W.;  Craig,  R.;  Fraenkel,  G.  S.;  Hambleton,  J.  I.;  Harvey,  G.  T.;  Hassett, 
C.  C;  Hinton,  T.;  House,  H.  L.;  Lawton,  A.  H.;  Holand,  J.  L.;  Prtnty,  G.  E.;  Stauffer,  J.  F.;  Trager,  W.;  Vlllee,  C.  A. 


12.   AMmO  ACIB  RBJUIREMEBTS:   MAK  AMD  OTHER  VERTEBRATES 
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Contributors:   (a)  Almquist,  H.  J.   (b)  Beeson,  W.  M.   (c)  Fenton,  P.  F.   (d)  Frost,  D.  V.   (e)  Hill,  C.  H.  (f)  Kratzer, 
F.  H.   (g)  Morgan,  A.  F.   (h)  Rose,  W.  C. 

References:   (1)  Adapted  fran  values  In  Rose,  W.  C. ,  Proc.  Am.  Philosophical  Soc.  91:112,  I9U7.    (2)  Rose,  W.  C,  Fed. 
Proc.  8: 546,  19I19.   (5)  Rose,  W.  C. ,  Oeeterllng,  M.  J.,  and  Womack,  M.  J.,  J.  Biol.  Chem.  176:755,  19'»8.   (U)  Adapted  fron 
Report  of  Committee  on  Animal  nutrition.  National  Research  Council,  March  1950.   (5)  Gelling,  E.  M.  K. ,  J.  Biol.  Chem.  31: 
175,  1917.   (6)  Totter,  J.  R. ,  and  Berg,  C.  P.,  J.  Biol.  Chem.  12i:cxxli.,   1938.   (7)  Totter,  J.  R. ,  and  Berg,  C.  P.,  J. 
Biol.  Chem.  127:575,  1939.   (8)  Bauer,  C.  D. ,  and  Berg,  C.  P.,  J.  Nutrition,  26:51,  19lt3.  (9)  Maddy,  K.  H. ,  and  Elvehjem, 
C.  A.,  J.  Biol.  Chem.  177:577.  19''9.   (10)  Adapted  frcn  values  In  Steffee,  C.  H. ,  Wlesler,  R.  W. ,  Hunprheys,  E.  M. ,  Bendltt, 
E.  P.,  Woodrldge,  R.  W. ,  and  Cannon,  P.  R.  ,  J.  Nutrition,  UO:U83,  1950.   (11)  Frost,  D.  V.,  and  Sandy,  H.  R. ,  J.  Biol.  Chem. 
I89:2lt9,  1951.   (12)  Mabee,  D.  M. ,  and  MDrgan,  A.  F. ,  J.  Nutrition,  43:261,  1951.   (13)  German,  H.  L. ,   Schweigert,  B.  S. , 
Sherwood,  R.  M.  ,  and  James,  L.  E. ,  Poultry  Scl.  28:165,  19'»9.   (l*)  Kratzer,  F.  H.  ,  Bird,  H.  R. ,  Asnundaon,  V.  S.  ,  and 
Lepkovsky,  S. ,  J.  Nutrition  3^:l67,  19''7.   (15)  Grau,  C.  R. ,  Kratzer,  F.  H. ,  and  AsBundson,  V.  S. ,  Poultry  Scl.  ^:529,19l«6. 
(16)  Kratzer,  F.  H. ,  Williams,  D.  E.  ,  and  Marshall,  B. ,  J.  Nutrition  37:377,  1949.   (17)  Kratzer,  F.  H. ,  and  Williams,  D. 
E.,  J.  Nutrition  35:315,  19"^.   (I8)  Morgan,  A.  F. ,  Hunt,  C.  R. ,  Amrlch,  L. ,  and  Levis,  E. ,  J.  Nutrition  1*2:63,  1951.  (19) 
Mertz,  E.  T.,  Beeson,  W.  M. ,  and  Jackson,  H.  D.  ,  Arch.  Blochem.  Blophys.  38:121,  1952.  (20)  Kratter,  F.  H. ,  J.  Nutrlton 
47:631,  1952;   (21)  Kratzer,  F.  H. ,  J.  Nutrition  45:225,  1951. 

Revieyers;   AlJiqulst,  H.  J.;  Beeson,  W.  M.;  Berg,  C.  P.;  Csonka,  F.  A.;  Fenton,  P.  F.;  Frost,  D.  V.;  Gelling,  E.  M.  K.) 
Hill,  C.  H.;  Kratzer,  F.  H.  j  Morgan,  A.  F.;  Nestler,  R.  B. ;  Norrls,  L.  C;  Rose,  W.  C;  Taylor,  M.  W.;  Totter,  J.  R.; 
Ucnack,  M. 
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Contributors:   (a)  Beck,  S.  D.   (b)  Fraenkel,  G.   (c)  Hinton,  T.   (d)  House,  H.  L.   (e)  Noland,  J.  L.   (f)  Trager,  W. 

References:   (1)  House,  H.  L. ,  Canad.  Ent.  81:155,  1949.   (2)  Noland,  J.  L.  and  Baumann,  C.  A.,  Ann.  Ent.  Soc.  Amer.  44:l84, 
1951.   m  Hllchey,  J.  D.,  Cornell  University,  Ithaca,  N.  Y.,  (unpublished).   (4)  Boeder,  K.  D.  (Ed),  Insect  physiology. 
Hew  York:  John  Wiley  &  Sons,  Inc.   (5)  Moore,  W. ,  Ann.  Ent.  Soc.  Amer.  59:515,  1946.   (6)  Lemonde,  A.  and  Bernard,  R., 
Canad.  J.  Zool.  29:80,  1951.   (7)  Fraenkel,  G.,  Blochem.  J.  45:xlv,19W.   (8)  Prlnty,  G.  E.  and  Fraenkel,  G.,  (unpublished). 
(9)  Offhaus,  K.,  Zelt.  vergl.  Physiol.  27:584,  1940.   (10)  Gay,  F.  J.,  J.  Exp.  Zool.  79:95,  1958.   (11)  Leclercq,  J.,  Ex- 
perlentla  4:456,  1948.   (12)  Mlchelbacher,  A.  E. ,  Hosklns,  W.  H.  and  Hems,  W.  B. ,  J.  Exp.  Zool.  64:109,  1952.   (IJ)  Lafon, 
M.,  Ann.  de  Physiol.,  et  de  physlochem.  Biol.  15:215,  1959.   (l4)van  t'  Hoog,  E.  G.,  Z.  Vltaminforsch  4:500,  1935.   (15) 
Hinton,  T.,  Noyes,  D.  T.  and  Ellis,  J.,  Physiol.  Zool.  24:535,  1951-   (16)  Goldberg,  L.  and  De  Melllon,  B. ,  Blochem.  J. 
43:379,  19't8.   (17)  House,  H.  L. ,  (unpublished).   (18)  Rudkln,  0.  T.  and  Schultz,  J.  Anat.  Rec.  99:6l3,  1947. 


Revlevers:  Ball,  G.  H.;  Beck,  S.  D.;  Clark,  E.  W.;  Craig,  R.;  Fraenkel,  G.  S.;  Haaibleton,  J.  I.;  Harvey,  0.  T. 
C.  C;  Hinton,  T.;  House,  H.  L.;  Lavton,  A.  H. )  Noland,  J.  L. ;  Trager,  W.j  Vlllee,  C.  A. 
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Ik.     OTHIZATIOII  of  CAKBaHYDRATES:      IBSBCTS 
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15.      OTILIZAIION  OF  LIPIDS:      INSBX3TS 
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16.   tSSEWrlAL  ORGAHIC  CCMPOUNDS  (VITAMIIIS  AMD  OTHEB)  RBftUIMMEIfrS :   IRSBCTS 
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Rerlevers:  Ball,  G.  H. ;  Beck,  S.  D.;  Clark,  E.  W.;  Fraenkel,  G.  S.;  Harvey,  G.  T.;  Hassett,  C.  C;  Hlnton,  T.;  House,  H.  L.; 
Lyman,  C.  M.;  Trager,  W.;  Villee,  C.  A. 
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17.      ESSEBTIAL  CRGAKIC  CCMPOUSDS   (VITAMIIIS  ABD  CfTHEH)  REQUrRIMEHTS :     FFOTOZOA 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

15,16,19  B 

Ic 

Fn  9 

a 

16, 18  T 

l8c,19c,20c 

16  C 

2c,}c,J*o 

2,3,'*, 8,9,11-19  J 

lic,3>^<: 

16,18  W 

19c, 20c, 21c, 22c 

2,},9,11-19  D 

5c,  6c,  7c,  8c 

2,17,19  K 

lltc,15c 

19  Y 

23c 

17,19  E 

9c 

2,18,19  L  R 

16c 

2,17,19  Z 

21tc,25c,26c 

8,15,16  F 

51a,  e 

2, 18  M 

16c 

2,17,19  BB 

27c 

19  F 

10c, 32c 

2,18,19  0 

l6c,17c 

2,19  CC 

28c 

Fn  5 

c 

18,19  P 

18c 

2,18,19  EE 

17c 

19  G 

lie 

18  Q  UV  X 

19c 

16  FF 

29c 

19  HI 

12c 

16,18  RS 
2  P-Y  FF 

19c, 20c 
b 

15,19  OG 

30c 

ContrlbutorB:      (a)  Johnaon,  V.  H.     (b)  Lwoff,  A.     (c)  van  Wagtendonk.  W.  J. 
References:      (1)  Peterson,  R.  E. ,  J.   Biol.  Chem.   ll»6:537,   19't2.      (2)  Elliott,  A 


A.  M.,  Biol. 


ElUott,  A.  M. ,  Anat.  Rec.  70:127,  1957.  (k)   Elliott, 

donk,  W.  J.  J.  Cell  Comp.  Physiol.  17:3li9,  19'*1.   (6)  Ibid.,  19:95,  1942 

C.  v.,  J.  Cell.  Cong).  Physiol.  20:199,  19U2.   (8)  Ibid.,  21:2U,  I9U3. 

19U2.   (10)  van  Wagtendonk,  W.  J.,  and  Hacltett,  P.  L. ,  Proc.  Hat.  Acad 

E.  L. ,  Arch.  Blochem.  8:l63,  1945.   (12)  Ully,  D.  M. 

Arch.  Blochem.  21:66,  1949.   (lU)  Calllesu,  R. ,  Con^jt 

Pasteur  59:137,  1937.   (16)  Lvoff,  M. ,  Compt.  rend,  soc 


M. ,  Physiol.  Zool.  11:31,  1959.   (3) 
Bull.  68:82,  1935.   (5)  Taylor,  C.  V.,  and  van  Wagten- 
(7)  latum,  E.  L. ,  Gamjobst,  L. ,  and  Taylor, 
(9)  Kidder,  C.  W. ,  ami  Devey,  V.  C. ,  Grovth  6:U05, 
Sci.  35:155,  19't9.   (11)  Johnson,  W.  H. ,  and  Tatum, 
Physiol.  Zool.  15:llt6,  19lt2.   (13)  Kidder,  G.  W. ,  and  Dewey,  V.  C. , 
rend.  soc.  blol.  127:lU21,  1939.   (15)  CalUeau,  R. ,  Ann.  Inst, 
biol.  130:U06,  1939.   (17)  Liroff,  M.  Compt.  rend.  soc.  blol. 


206:540,  1938.   (18)  Lwoff,  M. ,  Ann.  Inst.  Pasteur  51:55,  1933.   ri9)  Lwoff,  M. ,  Compt.  rend.  soc.  blol.  121:lil9,  1956. 


T25)  Ibid.,  128:21(1,  1938 
blol.  130:108971939.   (2lt) 


(21)  Ibid.,  105:835,  19}5.   (22)  Ibid.,  126:771,  1937.   (2?)  Callleau,  R. ,  Compt.  rend.  soc. 
.   -        Ibid.,  121  :U2ir7  1956.   (25)  Ibid.,  122:1(527,  1956.   (26)  Ibid.,  130:319,  1939.   (27)  Ibid., 
127:86T7"1938.   (28)  Ibid.,  13't:32,~i9'*0.   (29)  Lwoff,  M. ,  Compt.  rend.  soc.  blol.  126:U55,  I938.   (30)  BaU,  E.  G.,  Anfln- 
sen,  C.  B.,  Gelman,  Q.  M.,  McKee,  R.  W.,  and  Ormsbee,  R.  A.,  Scl.  101:5U2,  19I.5.   (317  Reported  by  van  Wagtendonk,  W.  J., 
to  N.  Y.  Acad.  Sci.,  Oct.  2U,  1952.   (32)  van  Wagtendonk,  W.  J.,  and  Conner,  R.  L.,  Fed.  Proc.  12:283,  1953.   (33)  Kidder, 
G.  W.,  and  Dewey,  V.  C,  Arch.  Blochem.  21:58,  19l*9.  (3U)  Elliott,  A.  M.,  Physiol.  Zool.  23:85,  1950. 

Reviewers:  Chang,  S.  L.;  Dewey,  V.  C;  Elliott,  A.  M. ;  Johnson,  W.  H.;  Kidder,  G.  W.;  Lwoff,  A.:  Lwoff,  H. ;  McCashland. 
B.  W.;  Pace,  D.  M. ;  van  Wagtendonk,  W.  J.;  von  Brand,  T.  •       '  ,       .  , 

18.  CORREIATION  OF  NUTRIEOT  REQUIREMENTS  WITH  BODY  WEIGHT,  ENERGY  METABOLISM,  AHD  FOOD  IBTAKE:  AHIMALS 

Reference :  Adapted  and  modified  from  tabular  data  In  Mitchell,  H.  H.,  Sclentla  85:165,  1950;  contributed  by  Mitchell,  H.  H. 
Reviewers:  Darby,  W.  J.;  Hathaway,  M.  L.;  Mitchell,  H.  H.;  van  Ey»,  J. 


19.  CHEMICAL  ELEMENT  CCMPOSITIOH  OF  mrrRIEHT  SOLOTIONS:   HIOHES  PLANTS 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

1-10,12-15  B 

1-15  C 

la 

la 

1,2,1*- 10,12-15  D 
l,2,li-15  B 

2bc 
2bo 

Fn  6 
Fn  7 

d 

a 

Contributors:   (a)  Arnon,  D.  1.   (b)  Bear,  F.  E.   (c)  Robblns,  W.  R.   (d)  Wlthrow,  A.  P. 

References:   (1)  Hoagland,  D.  R. ,  and  Arnon,  D.  I.,  Univ.  Calif.  Agr.  Exp.  Sta.  Clrc.  51*7,  1950.  (2)  Robblns,  W.  R. , 
modified  from  Soil  Scl.  62:},  19l»6. 

Reviewers:  Aldrlch,  D.  G. ,  Jr.;  Arnon,  D.  I.;  Bear,  F.  E.;  Boynton,  D. ;  Earley,  E.  B. ;  Rlker,  A.  J.;  Robblns,  W.  R. ; 
Shear,  C.  B.;  Smith,  P.  F.;  Steinberg,  R.  A.;  Wlthrow,  A.  P. 


20.   UTILIZATION  OF  CHIKICAL  ELEMEWS:  CQRM  PLAIJT 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

1-15  B 

Fn  1 

1-15  C 

la, 2a 
la,  2a 
Calc.   fr  1-15  B 

Contributor:  (a)  McVlckar,  M.  H. 

References;  (1)  Hambrldge,  C.  (editor).  Hunger  signs  in  crops,  Washington:  Nat'l  Fertlllier  Assoc,  1949,  p2.  (2)  Agr. 
and  Horns  Economics  Extension  Service,  111.  Agricultural  handbook,  Urbana:  Univ.  111.,  1949. 

Reviewers;  Clark,  D.  0.;  Gauch,  H.  G.;  Krantz,  B.  A.;  McMurtrey,  J.  E.,  Jr.;  McVlckar,  M.  H.;  Meyer,  B.  S.;  Purvis,  E.  R. 
Reuther,  W.;  Sayre,  J.  D.;  Searseth,  G.  D.;  Volk,  N.  J. 
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21.    othization  of  mirRiEin'S:    lower  aldae  ahd  relaxed  colorless  cwiahisms 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

Fn  1,2,5 

b 

9,12  K 

3b 

26-57  P 

5b, 6b, Ub, 15b 

1,2,5  B 

lb,2b,10b 

12-15  L 

5b 

26-30,52,55,57  9 

5b, 6b, lib 

1,2,5  C 

lb,2b,5b 

11,  lU  M 

5b 

26-50,52-57  R 

Ub, 5b, 6b, lib 

1,2,5  DE 

lb, 2b 

ll,12,ll»,15  P 

6b,  lib 

26-28,50,55,57  S 

5b,6b,Ub 

1,2,5  F  i  Fn  5 

2b, 22b 

U.lU  Q 

6b 

26-57  T 

5b, 6b, 16b 

1  H 

lb, 8b 

12,15  9 

lib 

26,57  U 

5b, 6b, 17b 

2  H  &  Fn  7 

lb, 29b 

11,12,114,15  R 

6b,  lib 

26-57  VW 

5b, 6b, lib 

1,2  IJ  4  Fn  6 

lb, 8b 

11, 12, lU, 15  s 

Ub 

26-57  X 

5b, 6b, lib, 18b, 19b 

1,2,5  K  &  Fn  5 

2b,5b 

U.lU  T 

6b,l6b 

26-57  Y 

9b 

2  L  i  Fn  8 

lb, 25b 

9-15,15  U 

6b,  10b 

Fn  16-20 

b 

1,2,5  H  &  Fn  5 

lb, 25b 

lit  U 

6b    . 

59, Ul, Us, 117, US  B 

10b 

1,2,5  N 

lb, 2b, 10b 

U, 12, lit, 15  VW 

6b,  Ub 

59,'tl,li7,li8  C 

25c 

1,2,5  0 

lb, 27b 

U,l'l  X 

6b, lib 

59,1(7, U8  D 

Ub 

1,2,5  P 

lb 

12,15  X 

9b 

59,'tl,U7,li8  E 

Ub, 12b, 21b 

1,2,5  R  4  Fn  8 

lb, 2b, 29b 

9, 10, U, lit, 15  Y 

59,'t7  F 

21b, 22b 

2  T  &  Fn  9 

b 

4  Fn  11 

7b 

58,UO-lt6,lt8-5U  F 

5b 

2,5  U 

b 

Fn  12 

b 

58-51*  GH 

5b 

2  V  4  Fn  9 

b 

17-19  C 

20b 

58, 39, 1*2, 117,118  I 

2Ub 

2  W 

ab 

18  D  GH 

5b,6b,13b 

39,l»2,U7,li«  J 

2Ub 

5  W 

b 

l8  E  PaRS  WX 

5b, 6b, lib 

38,51*  K 

5b 

2  X4  Fn  8 

a 

18  J  TUV  Y 

b 

1*1  L 

25b 

2  Y  &  Fn  8 

7b,a 

19  FG  LM 

5b 

58-ltO,U2-5lt  L 

5b 

U-8  C 

20b 

19  Y 

b 

58-51*  M 

5b 

lt-8  DE  R 

ltb,6b 

16,17,20-25  H  P  R 

59, 1*1, 1*5, 1*7, l*e  N 

10b 

5,7  FCa  KL 

5b 

&  Fn  15 

5b,6b 

59,l*7,l*a  0 

26b 

5  I 

2ltb,51b 

17,20,21,25  d 

5b,6b 

1*2  0 

27b 

5  J  P  V 

6b 

16,17,18,21,25- 

59  P 

26b 

U,5,8  W 

6b,l8lj 

25  WX 

5b,6b, 

1*8  P 

15b 

5,6,7  X 

6b,l8b 

20,22  X 

5b,6b 

1*8  a 

6b, lib 

kLa't 

9b 

16-19,21-25  Y 

9b 

39,1*7,1*8  B 

29b 

Fn  10 

b 

Fn  lU 

b 

1.8  S 

18b 

9,11-15,15  B  R 

6b, 10b 

26-28,50,55,57  B  N 

5b, 6b, 10b 

1*1, 1*8  T 

50b 

9-15  C 

20b 

26,28,55,57  c 

20b 

59,1*7  T 

29b 

11,12,15  E 

6b, lib 

26-28,50,55,37  D 

ltb,5b,6b 

58-1*1,1.5-52  U 

10b 

Ik  E 

6b,  12b 

26-26,50,55,57  E 

Ub, 5b, 6b,  lib 

58,1.6  V 

a 

9,11-15  F 

5b 

26-28,50,52-57  FG 

39,1*7  V 

29b 

9,12-15  G 

5b 

L  4  Fn  15 

5b 

1.8  V 

lib 

9,15  H 

5b,  6b 

26-57  H 

5b,6b,llb,lltb 

38,39,1*1*,1*5,1*7,1.8, 

11, lU  H 

6b 

26-28  I 

2l»b 

51,51*  w 

18b 

12,15  H 

6b, lib 

26-57  J 

5b, 6b 

1.1,1.5  w 

18b,  a 

9-15,15  I 

25b 

26,28,55  K 

3b 

59,1.7,1.8  X 

29b 

9,10,12  J 

25b 

26,55  M 

3b 

59,1.8  Y 

7b, 9b 

ll,lli,15  J 

6b 

Contributors:   (a)  Allen,  M.  B.   (b)  Provascli,  L. 

References:   (1)  ProvasoU,  L. ,  and  Plntner,  I.  J.,  N.  Y.  Acad.  Scl.  56:859,  1955.   (2)  Hall,  R.  P.,  Vitamins  and  Hormones 
1:2U9,  19U5.   (5)  Dual,  H. ,  Ann.  Inst.  Pasteur  50:550,  8U0,  1955.   (UTLoefer,  J.  B. ,  Arch.  Protlstenk.  8I*:U56,  1935.   (5) 
Trager,  W.,  Physiol.  Rev.  21:1,  I9U1.   (6)  ProvasoU,  L. ,  BoU.  dl  Zool.  Agrar.  e  Bachlcolt. ,  MUano  9:1,  1938.   (7)  Anderson, 
E.  H.,  J.  Gen.  Physiol.  28:287,  I9U5.   (8)  Hutner,  S.  H. ,  ProvasoU,  L. ,   Stokstad,  E.  L.  R. ,  Hoffmann,  C.  E. ,  Belt,  M. ,  FrankUn, 
A.  L. ,  ami  Jukes,  T.  H. ,  Proc.  Soc.  Expt.  Biol.  Med.  70:U8,  19U9.   (9)  Backer,  H.  A.,  J.  CeU.  Ccnp.  Physiol.  7:75,  1955.  (10) 
Lwoff,  A.,  Recherches  biochlmlqucs  sur  la  nutrition  des  protozoalres,  Paris:  Masson  et  ci,  1932.   (11)  Prlngshelm,  E.  G. , 
Nature,  159:196,  1937.   (12)  Lwoff,  A.,  and  Dusl,  H.,  Compt.  Rend.  Soc.  Biol.,  119:1260,  1935.   (13)  Loefer,  J.  B.,  and  HaU, 
R.  P.,  Arch.  Protistenk.  §7:123,  1956.   (lU)  Lwoff,  A.,  and  Dusl,  H. ,  Compt.  Bend.   Soc.  Biol.  107:1068,  195I.   (15)  Lwoff,  A., 
and  Dusi,  H.,  Compt.  Reid.  Acad,  des  Scl.  202:2U8,  1956.   (16)  Lwoff,  A.,  aal  ProvasoU,  L. ,  Compt.  Fend.  Soc.  Biol.  119:90, 
1955.   (17)  Ibid.,  126:279,  1957.   (18)  Prlngsheim,  E.  G. ,  Planta,  Arch.  Wlss.  Bot.  26:651,  1957.   (19)  Lwoff,  A.,  Compt.  Rend. 
Soc.  Biol.  U9:97U,  1955.   (20)  Lewin,  J.  C,  Science  112:652,  195O.   (21)  Hall,  R.  P.,  and  Schoenbom,  H.  W. ,  Arch.  Protistenk., 
90:259,  195HT~  (22)  Dusl,  H. ,  Ann.  Inst.  Pasteur  66:159,  19I.I.   (25)  Dusl,  H. ,  Compt.  Rend.  Soc.  Biol.,  150:Ul9,  1959.   (2U) 
ProvasoU,  L. ,  Hutner,  S.  H. ,  and  Schatz,  A.,  Proc.  Soc.  Expt.  Biol.  Med.  69:279,  19U8.   (25)  Hutner,  S.  H. ,  and  ProvasoU,  L. , 
in  A.  Lwoff  s  Biochemistry  sind  physiology  of  protozoa.  New  York:  Academic  Press,  1951.   (26)  Ketchum,  B.  H. ,  Am.  J.  'tot.  26:599, 
1959.   (27)  Hutner,  S.  H. ,  Trans.  N.  Y.  Acad.  Scl.  10:136,  19U8.   (28)  Schoenbom,  H.  W. ,  Ann.  N.  Y.  Acad.  Scl.  U0:1,  19UO. 
(29)  Lwoff,  A.,  and  Dusl,  H. ,  Conpt.  Rend.  Soc.  Biol.  127:55,  1958.   (50)  Lwoff,  A.,  and  Dusl,  H. ,  Compt.  Rend.  Acad.  Scl., 
205:756,  1957.   (51)  Cramer,  M. ,  and  Myers,  J.,  Arch.  Mlkrobiol.  17:38U,  1952.  General  References:   (1)  Bold,  H.  C,  Bot.  Rev. 
S?70,  19U2.   (2)  Doyle,  W.  L. ,  Biol.  Rev.  17:U9,  I9U5.   (5)  Lwoff,  A.,  L' Evolution  physlologlque,  Paris:  Hermann  et  Cle,  19U5. 
p.)  Lwoff,  A.,  Ann.  Rev.  Microbiol.  1:101,  19U7.   (5)  Mainx,  F.,  Tab.  Biol.  5:1,  1929.   (6)  Prlngsheim,  E.  G. ,  Pure  cultures  of 
aleae.  Hew  York:  MacmlUan  Co.,  19US.   (7)  C.  F.  Kettering  Foundation,  The  culturing  of  algae,  a  symposium,  1950. 

Reviewers :  Allen,  M.  B. ;  Elliott,  A.  M. ;  Hutchens ,  J.  0.;  Prlngsheim,  E.  G.;  ProvasoU,  L.  A.;  Schoenbom,  H.  W. 
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22.      AMUK)  ACID  REQUliitMjaW'S:      BACTERIA 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1-20  B 

la,  2a 

21  P 

17b 

18,21  EE  t  Fn  7 

8a, 9a, 10a 

22  B  &  Fn  2 

Inferred  from 

1-20  OR 

17b 

21  FF 

a 

(1-20  B) 

22  OR  &  Fn  2 

Inferred  from 

21  GG  &  Fn  8 

11a 

21  C 

17b 

(1-20  QR) 

5,21  HH 

12a 

21  D 

l8b,19b 

1-21  ST  &  Fn  1 

3a,l*a 

5  II 

IJa 

21  E-I 

17b 

1-21  U  i  Fn  1 

3a,  Ua 

19,21  JJ  &  Fob  It,  5 

IkCL 

1-20  JXL 

17b 

1-20  VWX  &  Fn  5 

5a 

18  KK  &  Fn  1 

15a 

22  JKL  &  Fn  2 

Inferred  from 

1-20  Y 

la,  6a,  7a 

1-20  LL 

la,l6a 

(1-20  JXL) 

1-20  Z  EE  &  Fn  6 

5c 

21  MM  &  Fn  8 

a 

21,22  M 

17b 

22  V-Y  &  Fn  2 

Inferred  from 

1-21  NH  &  Fn  8 

a 

1-20  NO 

17b 

(1-20  V-Y) 

22   LL 

Inferred  from 

22  HO  &  Fn  2 

Inferred  from 

18,21  CCDD  &  Fn  7 

8a,  9a 

(1-20  LL) 

(1-20  NO) 

21  Z  BB  JJ 

a 

22   NN 

a 

Contributors :  (a)  KoBer,  S.  A.  (b)  Smith,  B.  R.  (c)  Snell,  E.  E. 

References;  (1)  Koser,  S.  A.  and  Rettger,  L.  F.,  Infect.  Dls.  21»:301,  1919.  (2)  Koser,  S.  A.,  J.  Bact.  8:U95,  igej. 
(?)  Gerhardt,  P.  and  Wilson  J.  B.,  J.  Bact.  26:17,  19^8.  (1»)  HcCullough,  H.  B.  and  Dick,  L.  A.,  Proc.  Soc.  Eicp.  Biol, 
and  Med.  ^-.JIO,  191*3.  (5)  Snell, E.E.,  Advance  Protein  Chem.,  N.Y.,  2:85,  191t5.  (6)  Dolt.  M.  L.,  J.  Infect.  Dls.  5:616, 
1908.  (7)  Cordon,  M.  H.,  J.  Royal  Army  Med.  Corps  28:371,  1917.  (8)  Dunn.  M.  S.,  et  al.,  J.  Biol.  Chem.  168:1,  19U7. 
(9)  Dunn,  M.  S.,  et  al.,  J.  Biol. Chem.  1^:705,  19U4.   (10)  McCleskey,  C.  S.  and  Bamett,  R.  0.,  Proc.  La.  Acad.  Sci. 
12:38,  1949.   (U)  Rao,  M.  S.,  Indian  J.  Med.  Res.  22:75,  1939.   (12)  Taimira,  J.  T.  and  Oibby,  I.  W.,  J.  Bact.  U5:36l, 
19't3.  (13)  Pelczar,  M.  J.  and  Porter,  J.  R.,  Arch.  Biochem.  2:}23,  191*3.  (!■*)  Hajna,  A.  J.,  J.  Bact.  22:255.  1935. 
(15)  Fildes,  P.,  Gladstone,  G.  P.,  and  Knight,  B.  C.  J.  G.,  Brit.  J.  Exp.  Path.  Il*:l89,  1935.  (16)  Sullivan,  M.  X.,  J. 
Med.  Res.  1U:109,  1905-6.  (17)  Knight,  B.  C.  J.  G.  and  Proom,  H.,  J.  Gen.  Microbiol. l*:508-5}3,  I95O.  (18)  Gladstone, 
G.  P., and  Fildes,  P.,  Brit.  J.  Exp.  Path.  20:53J*,  1939.  (19)  Brewer,  C.  ft.  et  al.,  Arch.  Biochem.  10:65,  I9U6. 

Reviewers:   Koser,  S.  A.;  Smith,  K.  R.;   Snell,  E.  E. 


23.   UTILIZATION  OF  SUGARS  FOR  GROWTH:   FILAMOfTOUS  FUNGI 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  B-M 

23b 

51,32,33, SI*, 55  B-M 

7a 

60,61  B-M 

7a 

2,3,1*  B-M 

7a 

36,57  B-M 

6a,  9a 

62  B-M 

l»b 

5  B-M 

ll*a 

38,59  B-M 

7a 

65, 6U  B-M 

6a,  9a 

6  B-M 

15a 

1*0  B-M 

12  ab 

65  B-M 

8b 

7  B-M 

7a 

1*1  B-M 

7a 

66,67,68  B-M 

6a,  9B 

8  B-M 

6a,  9a 

1*2   B-M 

10b 

69  B-M 

22b 

9  B-M 

Ud 

U3   B-M 

7a 

70  B-M 

23b 

10, 11, 12, 15,11*, 15 

1*1*   B-M 

19d 

71,72   B-M 

7a 

B-M 

7a 

1*5  B-M 

6a, 9a 

73  B-M 

5d 

15  B-M 

Id 

1*6,1*7,1*8  B-M 

7a 

71*  B-M 

11a 

16,17,18,19  B-M 

7a 

1*9  B-M 

20ad 

75  B-M 

6a,  7a,  9a 

20  B-M 

16a 

50,51,52   B-M 

7a 

76,77  B-M 

7a 

21  B-M 

23b 

53  B-M 

6a,  7a,  9a 

78  B-M 

6a,  21a 

22,23  B-M 

9a 

51*   B-M 

2d 

79  B-M 

6a,  9a 

21*, 25  B-M 

7a 

55,56,57  B-M 

6a,  9a 

80  B-M 

25b 

26,27  B-M 

17a 

58  B-M 

7a 

81  B-M 

6a,  9a 

28,29  B-M 

7a 

59  B-M 

6a,  9a 

82   B-M 

15d 

30  B-M 

7a,  9a 

Fn  1 

2Uc 

Contributors:   (a)  Bamett,  H.  L.,  and  Lilly.  V.  G.   (b)  Cantlno,  E.  C.   (c)  Fergus,  C.  F.   (d)  Wolf,  F.  T. 

References:   (1)  Baker,  E.  E..  and  Smith,  C.  E.,  J.  laf.  Dls.  20:51,  191*2.   (2)  Blank,  L.  M.,  and  Talley,  P.  J.,  Am.  J. 
Bot.  56:95,  19l*9-  (3)  Perl  man,  D.,  Am.  J.  Bot.  22:360.  19U8.  (U)  Cantlno,  E.  C.  Am.  J.  Bot.  ^6:95,  191*9.  (5)  Ibid., 
26:71*7.  191t9-   (6)  Lilly,  V.  G..  and  Bamett.  H.  L..  Physiology  of  the  funai,  New  York:  McGraw-Hill,  1951.   (7)  Lilly, 
V.  G.,  and  Bamett,  H.  L.,  West  Virginia  Agr.  Exp.  Sta .  Tech .  Bull .  (in  press).   (8)  Stanler,  R.  Y.,  J.  Bact.  I»J:1*99,  19U2. 
(9)  Margolin,  A.  S.,  Thesis,  West  Virginia  Univ.,  191*2.   (10)  Perlman,  D.,  Am.  J.  Bot.  22:56.  191*8.   (11)  Richards,  G.  S., 
Phytopath.  1*1:571,  1951^   ('12)  Schade.  A.  L..  Am.  J.  Bot.  27:376,  191*0.   (13)  Schopfer  W.  H.,  and  Blumer,  S.,  Arch.  Micro- 
biol. 2:305,  1958.   (11*)  Steinberg,  F.  A.,  J.  Agr.  Res.  6UT6I5,  19U2.   (15)  Tamlya,  H.,  Acta  Phytochlm.  (Japan)  6:1,  1932. 
(16)  Tlmnlck,  M.  B.,  Lilly,  V.  G.,  and  Bamett,  H.  L.,  Phytopath.  1*1:527,  1951.   (17)  Wolf,  F.  T.,  Bull.  Torrey  Bot.  Club 
78:211,  1951.   (18)  VolkonBky,  M.,  Ann.  Inst.  Pasteur  28:76,  19U0.   (19)  Wolf,  F.  T.,  Bryden,  R.  R.,  and  MacLaren,  J.  A., 
Mycologia  1*2:233,  I95O.   (20)  Fergus,  C.  L.,  Hycologla  W*:  183,  1952-   (21)  Cutter,  V.  M.,  Farlowla  1*:1,  I95O.   (22)  Bhar- 
gava,  K.  S.,  Lloydla  8:60,  I9U5.   (25)  Whiffen,  A.  J.,  J.  Ellsha  Mitchell  Scl.  Soc.  61:111*,  191*5.  (21*)  Bretz,  T.  W. ,  Riyto- 
path.  U2:l*55,  1952. 

Reviewers:  Bamett,  H.  L. ,-  Cantlno,  E.  C;  Fergus,  C.  L.;  Leben,  C;  Whiffen,  A.  J.;  Wolf,  F.  T. 
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2't.   OTILIZATIOH  OF  CARBOHYDRATES:   YEASTS 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

6,22  B 
2U  P 
Fn  1-5 

lb 

a 

lab 

7  R 

■Fn  9  for  7,12,22  T 

Fn  8  for  11  X 

3b,Ub,c 
lab 
a, lb 

Fn  8  for  6  Y 
Fn  8  for  6  II 
All  other  values 

lb 
lb 
2,5,6c 

Contributors:   (a)  Clark,  F.  M.   (b)  Etchells,  J.  L.   (c)  Wlckerham,  L.  J. 

References:   (1)  Lodder,  J.,  and  Kreger-van  RiJ,  N.  J.  W. ,  The  yeasts  -  a  taxogomlc  study,  Amsterdam:  North  Holland  Pub- 
llehing  Co.,  1952.   (2)  Wlckerham,  L.  J.,  U.  S.  Dept.  Agriculture,  Tech.  Bull.  1029,  1951.   {})  Etchells,  J.  L. ,  and  BeU, 
T.  A.,  Farlovla  U:87,  1950.   (U)  Etchells,  J.  L. ,  Costilov,  R.  N. ,  and  Bell,  T.  A.,  Farloirla  U:2lt9,  1952.   (5)  Wlckerham, 
L.  J.,  J.  Bact.  52:293,  19U6.   (6)  Wlckerham,  L.  J. ,  and  Burton,  K.  A.,  J.  Bact.  56:363,  19'*8. 

Rerlevera:  Clark,  F.  M. ;  Etchells,  J.  L.;  Hartley,  C;  Kaufert,  F.;  Wlckerham,  L.  J. 


25.   ESSEMTIAL  QRGAJIIC  CCMPOUHDS  (VITAMIIB)  REQUIRaiENrS :   FUNGI 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  B  &  Fn  1 

111c 

Fn  9,10  for  U7  B 

97a,98a 

102  B 

9Ua,ll8bc 

2  B  &  Fn  2 

12c ,92c, 109c, 110c 

U8  B 

95a,98a 

103  B  4  Fn  10 
101*  B 

105  B 

106  B 

53a, 55c 

3  B 
U  B 
5-7  B  4  Fn  3 

50c 
lt9c 
3ac 

U9  B 

50  B 

51  B 

9'*a,157a 

12c,U9c,9'ta 

5'»a,55c 

3c 

9Ua,ll8c 
23c, 115c 

8  B 

9  B  Sc  Fn  U 

5ac,125a 

88 

52  B  4  Fn  l6 

53  B 

35c,55c,9^<:,li8c 
12c 

107  B 

108  B 

32b 
59b 

10  B 

11  B  &  Fn  5 

127a 
69b 

51*  B  4  Fn  17 
55  B 

127a 
95a 

109  B  4  Fn  25 
UO  B 

90c 

35c,9'»a 
96ac 

2Ua,27c,33c,50c,51c 
55a,94a,137c 

12  B 
15  B 

l»9c 
128c 

56  B 

57-61  B  &  Fn  10,17 

55a,109c,110c 
53a 

111  B  4  Fn  27 

112  B  4  Fn  28 

lU  B 

35c 

62  B 

l*8c,92c,9ha 

15  B  4  Fn  6 

55c, 72c, 73c 

63  B 

5a,lHc 

113  B 

127a 

16  B 

105c 

6U,65  B  4  Fn  18 

59b 

114,115  B 

3c 

17  B 

28a 

66  B  4  Fn  5 

67bc,69b,70b 

116  B 

126c, 130c 

16  B 

115c 

67  B 

55ac 

117  B 

50bc 

19  B  4  Fn  7 

6c,17c,35c,'*lc,55a, 

68  B 

9'*a,13'»c 

118  B 

55a,94a,105c 

T7c,8lc,82c,87c, 

69  B  4  Fn  17 

87c, 127a 

119  B 

98a 

55c,9l*a 

1.3c 

9''a, 103c, 121c 

70  B  4  Fn  17 

55c, 127a 

120  B 

20  B 

121c 

Fn  10  for  70  B 

127a 

121  B 

21  B 

55ac 

71  B  4  Fn  19 

59b 

122,123  B 

15c 

22  B 

kl,c,9k& 

72  B 

60b 

I2U  B 

3ac 

Fn  1  for  22  B 

l»9c 

73  B  4  Fn  20,21 

59b, 62b 

125  B  4  Fn  29 

2Ua,103c 

23  B 

l8ae 

7"*  B  4  Fn  7,21 

26b,lt9b,50bc 

126  B 

U5ac 

2l»,25  B 

5a 

75  B 

55ac 

127  B 

3c 

26  B  4  Fn  8 

66b,67c,69c,70c, 

76  B 

59bc 

128  B 

3a 

9Ua 

77  B 

59b 

129  B  4  Fn  27 

3a,106e 

Fn  9  for  26  B 

69b, 70b 

78  B 

16c 

130  B 

3a 

27  B 

133c 

79  B 

82c 

131  B 

3ac,l6c 

28  B  4  Fn  10 

55a 

80  B 

50c 

132  B 

5a 

29  B 

19c,55a,9'*a,127a, 
137c 

81  H  4  Fn  25 

82  B 

U8c,9'ta,109c,UOc 
50bc,9'ta 

133  B  4  Fn  30 
I3U  B 

30bc 
35c, 9Ua 

30  B 

15c 

85  B 

23c 

135  B  4  Fn  31 

59b 

31  B 

30c 

84  B 

27bc,9'*a 

136  B 

27bc,9'*a 

52  B 

JOb 

85  B  4  Fn  2l» 

27bc,9'ta,127a 

137  B 

27c,9l»a 

55  B 

123c 

86  B 

55ac 

138  B 

82c 

Jit  B 

13c 

87  B 

U8c 

139  B 

U9c 

55  B 

3c 

88  B 

13c, 15c 

lUO  B 

13c 

}6  B  4  Fn  11 

15c,15c,l6c 

89  B  4  Fn  25 

3c, 15c 

lUl  B 

30c 

37  B  4  Fn  12 

13c, 15c 

90  B 

50bc 

1U2  B 

67bc,70b,94a 

38  B 

118c 

91  B 

118c 

llt3  B  4  Fn  10 

35c, 53a 

39  B  4  Fn  1,10 

68b,69b,70bc,71b 

92  B  4  Fn  1 

119c 

IW*  B  4  Fn  10,32 

53a,55c 

UO  B 

lc,3a 

93  B 

55ac 

11*5  B 

30b 

I>1  B 

127a 

9U  B 

50c,9'»a 

ll*6  B  4  Fn  33 

lt9bc,9'ta 

hZ  B 

97c, 98c 

95  B 

U8c 

IU7  B  4  Fn  20,35 

30b,31b,50bc,52«b, 

Uj  B  4  Fn  10 

95a 

96  B 

9'»a,109c,110c 

9Ua 

W.,l»5  B 

98a 

97  B 

63c, 9^a 

IU9  B 

59b 

lt6  B  4  Fn  15 

55a,97a,98a 

98  B 

50c, 9^a 

150  B  4  Fn  10 

lt9ac 

Fn  9  for  U6  B 

55a,97a 

99  B 

9'ta,133c 

151  B 

3c 

Fn  lU  for  lt6  B 

97ac,98ac 

100  B 

3ac 

152  B 

82c 

li7  B  4  Fn  15 

97ac.98ac 

'    101  B 

55ac 

1 

(ContlDued  on  the  next  pa^e] 
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25.     ESSEHTIAL  OBGABIC  COMPOUKDS   (VITAMrBS)   KEQUlKiMEWl'S :     FUBGI   (Continued) 


Data  Coordinates 
and  Footnotes 


155  B 

Fn  10  for  155  B 
Fn  5  for  155  B 
15't  B 

155  B 

Fn  9,56  for  155  B 

156  B  &  Fn  10 
15T  B 

158  B 

159  B 

160  B 

161  B 

162  B  &  Fn  57 
165  B 

161.  B 

165  B 
Fn  58 

166  B 

167  B 

168  B  &  Fn  7 

169  B 

170  B 

Fn  59  for  I70  B 

171  B  &  Fn  kO 

172,175  B 

171*  B  &  Fn  'tl,U2 

175  B 

176  B 

177  B 

178  B 

179  B 

180  B 

181  B 

Fn  10  for  181  B 

182  B 
185  B 
18U  B 

185  B  &  Fn  1*5 

186  B 

Fn  1  for  186  B 

187  B 

188  B 

189  B 

190  B 

191  B 

192,195  B  &  Fn  10 
igl*  B  &  Fn  10 
195  B 

196  B 

197  B 

198  B 

Fn  10  for  I98  B 

199  B  &  Fn  W 


200  B&  Fn  lt5 

201  B  1  Fn  10 

202  B  &  Fn  U6 
205  B  &  Fn  10 

204  B 

205  B 

206  B 

Fn  U7  for  206  B 

207  B 

208  B 


Contributors 
and  References 


56bc,58a 

57b 

58b 

56c 

56bc,58abc,6lb,108c 

56b, 58b 

55a 

9'ta 

56c,9'*a 

65c, 85a 

27bc,9'ta 

5c,  9'ta 

5ac,151c 

118c 

I6c 

55c,  127a 

127a 

U5a 

5a 

92c,  9'ia,  109c,  110c 

109c,  noc 

9lia,  109c,  110c 

109c,  llOc 

12c, 55c, 77c, 92c, 
9'ta, 155c 

29b 

29b,52b,59b 

69b 

15e 

16c 

102c 

k&c 

9'ta,ll8c 

U5a,55c 

U5a 

25c 

lt5a,115c 

55a 

l6c,55a,9'ta 

50bc,U9b 

50b, U9b 

50b 

55a, 129c 

9''a,107c 

50c,  9'ta 

50c,55c,98a 

28a 

50bc 

50b, 59b 
157c 

9'ta,  109c,  110c 
155ac 
155a 

2c, '»c,  7c, 9c, 10c, 
20c,27c,lt0c,lt8c, 
55ac,61tc,76c, 
87c, 89c, 9'ta, 151c 
50bc 

85a 

5a,l6c,157c 

9'ta, 95b 

59b 

55ac ,157c 

It  5a, 910,108,109 

91c 

't9c,9'ta 

122c 


Data  Coordinates 
and  Footnotes 


Contributors 
and  References 


Data  Coordinates 
and  Footnotes 


Contributors 
and  References 


209  B 
Fn  I18 

210  B 
211-215  B 
2II1  B 

215  B 

Fn  1  for  215  B 

216  B 

217  B 

218  B 

219  B 

220  B  4  Fn  1 

221  B 

222  B 
225  B 


Fn  50 

226  B  t  Fn  51 

225  B 

226  B 

227  B 

228  B 

229  B 

250  B  t  Fn  1 

251  B  &  Fn  51 

252  B  &  Fn  52 
255  B  &  Fn  55 

25't  B 

Fn  10  for  25't  B 

255  B  4  Fn  7 

256  B  &  Fn  51 

257  B 

258  B  4  Fn  5't 

259  B 
2ll0  B 
2ltl  B 
2lt2-2lt7  B 
2'l8  B 
21(9.255  B 
25lt  B 

255  B 

256  B 

257  B 

Fn  1  for  257  B 
258,259  B 

260  B 

Fn  10  for  260  B 

261  B  4  Fn  10,20 

262  B 

265,261t  B  4  Fn  1,59 

265  B 

266  B  4  Fn  55 

267  B 

268  B  4  Fn  56 

269  B  4  Fn  17 

270  B 

271  B 

272  B 
275  B 
2711  B 

275  B 

276  B 

277  B  4  Fn  57 

278  B 

279  B 


't9c,55a,91c,9'ta 

't9c,91c,92c 

16c 

15c 

5a,157c 

lt9c,9lta,115c 

lt9c,115c 

9ita,109c,U0c 

lt7a,55c 

5c 

55c,9lta 

li9bc 

55c 

62bc,9lta,95b,U8b 

27bc,50l>c,lt5abc, 

78b,86b,9'ta, 

ll8bc,119c 
27c,50c,lt5c,ll8bc, 

119c 
118c 
12l»b 

92b, 9'ta,109c, 110c 
50c 
Wic 

55c, 9'ta 
't9c 
12c 

55c,92c,10ltc,105c 
50c, 92c, 9'ta, 109c, 

110c 
67b, 70c 
67b 
9^8,1090,1100 

100c,  U5c 

115c 

15c, 115c 

50c,9lta 

55c, 118c 

82c 

15c, 120c 

15e 

15c 

50o,9lta 

9'ta 

ItTc 

92bc,9'ia,95b 

92b,95b 

15c 

55ac 

55a 

55a,55c 

55c, 157c 

92c, 94a 

118c 

57c,58c,55o,75c 

50bc 

50c,  55a,  9'ta 

55ac 

50c 

25c 

55c, 9'ta 

55a,9'ta,157o 

9lta 

50c,9lia 

5ac, 92c, 9'ta 

820,9^8 

65c ,85a 

78bc,79b,9lta 


Fn  59  for  279  B 

78b, 79b 

260  B 

95ab 

281  B  4  Fn  10 

55a 

282  B 

50bc 

285,281t  B 

94a,109c,110c 

285,286  B 

50c,94a 

Fn  51  for  285  B 

50c 

267,288  B 

94a,ll8bc 

Fn  5  for  287  B 

ll8bc 

289  B 

21b,22b,54b,ll8b, 

46c, 102c 

Fn  58 

21b,22b,54b,ll8b 

290  B 

46c,  102c 

291  B 

95c 

292  B 

102c 

295  B 

I4c,102c 

294  B  4  Fn  51 

95c 

295  B 

95c 

296  B 

l4c 

297  B 

15c 

298  B 

15c 

299  B 

15c 

500  B 

102c 

501  B 

5c, 15c 

502  B 

150,150 

505  B 

50c 

.504  B  4  Fn  60 

27b,45bc,50be,94a 

505  B 

126c,  127a 

506  B  4  Fn  61 

27b,45bc,59b,67bc, 

69b,70o,80b,94a 

Fn  9  for  506  B 

27b,45b,59b,65b, 

69b, 80b 

Fn  22  for  }06  B 

27b,45bc,59b,67bc, 

69b,70o,80b 

507  B 

lOlac 

508  B 

l6c 

509  B  4  Fn  17 

99a 

510  B  4  Fn  27 

5a 

511  B  4  Fn  62 

5a,157c 

512  B 

5a,l6c 

515  B  4  Fn  65 

I6c,74c,82c 

514  B 

5a 

515  B 

5ac 

516  B 

59b 

517  B 

50bc 

518  B 

94a,u6b,U7c 

Fn  1  for  518  B 

94a,  n6b 

Fn  10  for  5l8  B 

116b, 117c 

519  B  4  Fn  64 

8b,42b, 94a, 116b, 

117c, 118b 

Fn  5  for  519  B 

8b, 42b, 115b, 117c, 

118b 

520  B  4  Fn  65 

55ac,84b,94a,ll6b, 

1170 

521  B 

156c 

522  B 

27c,94a 

Fn  10  for  522  B 

94a 

525  B 

94a 

524  B 

152c 

525-527  B 

lie, 94a 

526  B  *  Fn  66 

12c, 48c, 92c, 94a, 

109c, noc 

529  B 

15c 

550-552  B 

15c, 1020 

555,554  B 
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26.   ESSESTIAL  CHiOABIC  CCMP0UHD6  (VTTAMIHS  AHD  OTHES)  RBJUIHaiEUrS:   BACTERIA 
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Biol.  Med.  »:2l*.  19Ult.   (Ul)  Knight,  B.  C.  J.  G.,  Blochem.  J.,  iXiTiX,   1937.   ('»2)  Pelczar,  M.  J.,  and  Porter,  J.  R.,  J. 
Bact.  Ul:157,  19't2. 
ReYlewera :  Koser,  S.  A.;  Lampen,  J.  0.;  Smith,  H.  R. :  Snell,  E.  E.;  Stokstad,  E.  L.  R. 

27.   DAILY  NUTRIEHT  ALLOWANCES:   MAD,  ADULT,  CAHADA 

Reference;   Values  calculated  and  adapted  from  Bull,  on  Nutrition,  Canadian  Council  on  Nutrition,  Ottawa:   King's  Printer  and 
Controller  of  Stationery,  1950. 

Reviewers:   Crarapton,  E.  W.;  Dobson,  L.  G.;  Hiltz,  M.;  McHenry,  E.  W.;  Pett,  L.  B.;  Sylvestre,  J.  E.;  Young,  E.  G. 


28.  DAILY  NDTRIERI  ALLOWANCES:   MAN,  CHILDHOOD,  CAHADA 

Reference :   Values  calculated  and  adapted  from  Bull,  on  Nutrition,  Canadian  Council  on  Nutrition,  Ottawa:  King's  Printer  and 
Controller  of  Stationery,  1950. 

Reviewers:  Craajiton,  E.  W.;  Dobson,  L.  G.;  Hiltz,  M.;  McHenry,  E.  W.;  Pett,  L.  B.;  Sylvestre,  J.  E.;  Young,  E.  G. 


29.   DAILY  NUTRIENT  ALLOWANCES:   MAN,  ADULT,  UNITED  KINGDOM 

References :  Values  calculated  and  adapted  from  Report  of  the  Committee  on  Nutrition,  London:  British  Medical  Association, 
1950,  and  Report  of  the  National  Food  Survey  Committee,  London:   Her  Majesty's  Stationery  Office,  1952. 

Reviewers:   Ellis,  R.  W.  B.;  Border,  T.  J.;  Jones,  F.  A.;  Leitch,  I.;  ttagee,  H.  E.;  Marrack,  J.  R.;  Sinclair,  H.  M.;  Standi, 
T.;  Wright,  N.  C. 


50.   DAILY  NOTRIEOT  ALLOWANCES:   MAN,  INFANCY  AND  CHTUJHOOD,  UNITED  KINGDOM 


References:   Values  calculated  and  adapted  from  Report  of  the  Committee  on  Nutrition,  London:   British  Medical  Association, 
1950,  and  Report  of  the  National  Food  Survey  Conmittee,  London:   Her  Majesty's  Stationery  Office,  1952. 


Reviewers :   Berry,  W.  T.  C;  El 
H.  M.;  Stamp,  T.;  Wright,  N.  C. 


R.  W.  B.;  Border,  T.  J.;  Jones,  F.  A.;  Leitch,  I.;  Magee,  H.  E.;  Marrack,  J.  R.;  Sinclair, 
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}1.  DAILY  mmaEHT  ALLOWAICES:   MAN,  ADUU,  U.S.A. 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

}2,53,56,}9,U0  B-I 
28,}0,}U  B-I 

1 

Calc.   and  adapted 
from  2 

All  other  values 

Calc.   and  adapted 
f  rem  3 

Fn  2,3,5-8,10,12-1''. 

16-19, 21,2l.,26,28, 

50-33,55-57 
Fn  k,9 

3 
U 

References:   (1)  West,  E.  S.,  and  Todd,  W.  R.  ,  Textbook  of  biochemistry,  New  York:   The  MacMlllan  Co. ,  1951.   (2)  Report  of 
the  Food~apd  Nutrition  Board,  HstionaJL  Research' Council,  igMi.   (3)  Forthcoming  revision  of  certain  values  in  ref .  2, to  be 
issued  by  the  Food  and  Nutrition  Board,  National  Research  Council.   (U)  Maynard,  L.  A.,  J.  Nutrition  28:Wt3,  19W». 

Reviewers;   Berg,  C.  P.;  Cravens,  W.  K.;  Frost,  D.  V.:  Goldamith,  G.  A.;  Crau,  C.  R.;  Hall,  R.  P.;  Hard,  M.  N.;  Hill,  C. 
H.:  Johnson.  B.  C;  Keys,  A.:  McKee,  R.  W.;  Morris,  H.  P;  Nestler,  R.  B.;  Ohlson,  MA.-  Vllter,  R.  W. 


32.   DAILY  NUTRIENT  ALLOWAICES:   MAN,  INFANCY  AND  CHILDHOOD,  U.S.A. 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

52, 33, 56, 59, W  B-M 
28,50,55  B-M 

1 

Calc.  and/or 
adapted  from  2 

All  other  values 

Calc.   and/or 
adapted  from  5 

Fn  1 

Fn  2-1*, 7,8,10- 12, 

ll*,17,19-25, 27-29 
Fn  5.6 

5,5 

5 

k 

References:  (1)  West,  E.  S. ,  and  Todd,  H.  R. ,  Textbook  of  biochemistry.  Neu  York:  The  MacMillan  Co.,  1951.   (2)  Report  of 
the  Food  and  Nutrition  Board.  National  ResearcF  Council .  19hB.      (3)  Forthcoming  revision  of  certain  values  in  ref.  2,  to  be 
Issued  by  the  Food  and  Nutrition  Board,  National  Research  Council.   (It)  Maynard,  L.  A.,  J.  Nutrition  28'kki     igW* 
(5)  This  book,  pin.  — ■   ' 

Revievers:  Berg,  C.  P.;  Cravens,  W.  W.;  Frost,  D.  V.;  Goldsmith,  G.  A.;  Grau,  C.  R.;  Hall,  R.  P.;  Hard,  M.  N.;  Hill,  C.  H.; 
Johnson,  B.  C;  Keys,  A.;  McKee,  R.  W. ;  Morris,  H.  P.;  Nestler,  R.  B.;  Ohlson,  M.  A.;  Vllter,  R.  W.  White,  P.  R. 


55.  DAILY  NUTRIENT  ALLOWANCES:   CAT 

Reference:   Table  contributed  by  Albanese,  A.  A.,  and  Albanese,  J.  0.,  and  adapted  from  Robinson,  H.  E.,  in  Appraisal  of 
human  dietaries  by  an1mn1  experiment,  edited  by  Williams,  R.  R.,  New  York,  1917. 

Reviewers:  Albanese,  A.A.;  Hockett,  R.  C;  Morris,  M.  L. ;  Newlln,  H.  E. 


34.  DAILY  NUTRIENT  ALLOWANCES:   BEEF  CATTLE 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

1  D-G  &  Fn  't,5 

12  B 

13  B 

15  B-G  &  Fn  15 

7 

2c 

5c 

8c 

Fn  11 
Fn  20 
Fn  25,28 

9d 
Uc 
b 

Fn  27 

All  other  values 

5c 

1  checked  or 
revised  by  a 

Contributors:   (a)  Burroughs,  W.  (b)  Johnson,  B.  C.   (c)  Mitchell,  H.  H.   (d)  Rusoff,  L.  L. 

References;   (1)  Calculated  from  and  in  agreement  with  values  in  a  forthcoming  Report  of  the  Committee  on  Animal  Nutrition, 
National  Research  Council.   (2)  Johnson,  B.  C. ,  et  al.,  J.  Nutrition  ^:57,  1951.   (5)  Draper,  H.  H. ,  et  al. ,  J.  Animal 
Scl.  11:552,  1952.   (U)  Draper,  H.  H. ,  and  Johnson,  B.  C. ,  J.  Nutrition  ^;57,  1952.   (5)  Bentley,  0.  G. ,  and  Phillips,  P. 
H.,  J.  Dairy  Scl.  5«:596,  1951.   (6)  Forbes,  E.  B. ,  and  Kriss,  M. ,  Proc.  Am.  Soc.  Animal  Production,  1951.   (7)  Morrison, 
F.  B. ,  Feeds  and  feeding,  Ithaca,  N.  Y. :  Morrison  Co.,  igW.   (8)  Blaxter,  K.  L. ,  Watts,  P.  S. ,  and  Wood,  W.  A.,  Brit.  J. 
Nutrition  6:125,  1952.   (9)  Rusoff,  L.  L. ,  and  Hag,  M.  0.,  J.  Animal  Scl.  10:55'',  1951. 

Reviewers:  Burroughs,  W.;  Johnson,  B.  C;  Luecke,  R.  W.;  Mitchell,  H.  H.j  Nestler,  R.  B. ;  Norrls,  L.  C;  Schneider,  B.  H. 
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55-   DAILY  IJOTRIiaW  AUJDWANCES:   DAIRY  CATTLE 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  B-G 

a 

15   B-G 

7b,8b,9b,9d,e 

33  B-G 

12b 

2,5,9  B-G 

l,e 

16  B 

d 

Fn  l-3,12,17,2lt-26 

1 

3  B-E  G 

le 

l8  B 

1 

Fn  1),9 

a 

3  F 

d 

19  B 

10b,c,10d,10e 

Fn  10 

1 

11  B 

l,e 

20,22,2lt  B 

l,e 

Fn  11 

2d,5d 

12  B 

5b,5e 

25   B 

Ub 

Fn  lU,l6 

l<c 

15  B 

6b,c,d 

25-28,30,31,32,3'', 

Fn  27 

c 

Ik  B-G 

l,e 

35,37,38  B-G 

l,e 

Contributors:   (a)  Hlbbs,  J.  H.   (b)  Mitchell,  H.  H.   (c)  Ruaoff,  L.  L.   (d)  Swanson,  E.  W.   (e)  Thomas,  J.  W. 

References:   (1)  Values  were  calculated  and  adapted  frcan  data  In  a  Report  of  the  Committee  on  Animal  Nutrition,  National 
Research  Council,  April,  1950.   Copy  of  report  was  contributed  by  Vorls,  A.  L.   (2)  Tyznik,  W. ,  and  Allen,  N.  N.  ,  J.  Dairy 
Sci.  5'*:'*95,  1951.   (3)  Stoddard,  G.  E.  ,  et  al.  ,  J.  Animal  Scl.  8:630,  1949.   (it)  Ruaoff,  L.  L.  ,  and  Hag,  M.  0.,  J.  Animal 
Sci.  15:331,  1951.   (5)  Johnson,  B.  C,  et  al. ,  J.  Nutrition  ^3:37,  195I.   (6)  Draper,  H.  H. ,  et  al.  ,  J.  Animal  Scl.  11:532, 
1952.   (7)  Blaxter,  K.  L. ,  Watts,  P.  S. ,  and  Wood,  W.  A.,  Brit.  J.  Nutrition  6:125,  1952.  (8)  Gulllckson,  T.  W.  .  and~Cal- 
verly,  C.  E. ,  Science  10ll:312,  1946.   (9)  Gulllckson,  T.  W.  ,  J.  Dairy  Scl.  32TU95,  19119.   (10)  Johnson,  B.  C,  et  al. ,  J. 
Biol.  Chem.  167:729,  1957.  (11)  Draper,  H.  H. ,  and  Johnson,  B.  C. ,  J.  Nutrition  U6: 37,  1952.   (12)  Bentley,  0.  G. ,  and 
Phillips,  P.  H.  ,  J.  Dairy  Scl.  3;t:596,  1951.   (15)  Forbes,  E.  B.  ,  and  Krlss,  M.  ,  Proc.  Am.  Soc.  Animal  Prod.,  pll5,  1931. 

Reviewers:   Gulllckson,  T.  W.;  Hlbbs,  J.  W. ;  Loosli,  J.  K.;  Luecke,  R.  W.;  Nestler,  R.  B.;  Norris,  L.  C;  Rusoff,  L.  L.; 
Schneider,  B.  H.;  Swanson,  E.  W.;  Thomas,  J.  W.;  Trlmberger,  G.  W. 


36.   DAILY  NOTRIEWT  ALLOWANCES:   DOG 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

2  B 

ld,2d 

lit  BC 

19c 

25  BC 

19c 

Fn  2 

Id 

Fn  10 

lOd.lld 

Fn  15 

Id,  2d 

2  C 

ld,5d 

15  B 

19c 

Fn  16 

7d 

3  B 

Id 

16  B  &  Fn  11 

Id 

26  B 

19c 

3  C 

19c 

16  C 

a 

Fn  17 

Id, 2d 

Fn  3 

Id 

17  c 

d 

26C 

2d 

5  BC 

Id 

18  C  *  Fn  12 

12d 

27  BC 

19c 

Fn  k 

d 

19  B 

Id, 13d, 19c 

28  BC 

19c 

6,7  B 

a 

19  C 

19a 

29  C  &  Fn  18 

18 

6,7  c 

19c 

20  B 

lltd,19c 

50-55  BC 

19c 

9  BC 

19c 

20  C 

19c 

Fn  19,21 

Id,  2d 

U  C  &  Fn  6 

d 

21  BC 

d 

Fn  20 

7d 

Fn  7 

b 

22  BC 

19c 

57  B 

Id, 2d 

12  B 

6d,7d,8d,9a,19c 

25  B 

15d,19c 

57  C 

2d 

12  C 

190 

23  C 

I6d 

58c 

I8d 

15  B 

6d,7d,8d 

2lt   B 

ld,17d,19c 

59  BC 

19c 

15  c 

19c 

2lt  C 

17d, 19c 

Contributors:   (a)  Allison,  J.  B.   (b)  Cunha,  T.  J.   (c)  Robinson,  H.  E.   (d)  Schaefer,  A.  E. 

References:   (1)  Schaefer,  A.  E.,  in  Frear,  Agricultural  Chemistry,  II,  Chap.  XIX,  Boston:   D.  Van  Nostrand  Co.,  1951.   (2) 
Arnold,  A.,  and  Elvehjem,  C.  A.,  J.  Am.  Vet.  Med.  Assn.  91:515,  1957.  (5)  Ibid.  95:187,  1959.  Ct)  Unton,  R.  G.,  Vet.  Med. 
52:86,  1937.   (5)  Crlmm,  P.  D. ,  and  Short,  A.  M. ,  Am.  J.  Physiol.  118:477,  1957.  T6)  Schaefer,  A.  E. ,  Copeland,  D.  H. ,  and 
Salmon,  W.  D. ,  J.  Nuirition,  45:201,  1951.   (7)  Schaefer,  A.  E. ,  Veterinary  Symposium.  Gaines  Dog  Research  Center,  1951.  (8) 
Bums,  M.  M.,  and  McKlbbln,  J.  M. ,  J.  Nutrition,  44:487,  1951-   (9)  Schaefer,  A.  E.,  McKibbin,  J.  M.  ,  and  Elvehjem,  C.  A., 
Proc.  Soc.  Exp.  Biol.  Med.  47:565,  19''1.   (10)  Anderson,  H.  D. ,  Elvehjem,  C.  A.,  and  Gonce,  J.  E.,  Jr.,  Proc.  Soc.  Exp.  Biol. 
Med.  42:750,  1959.   (11)  Anderson,  H.  D.,  Elvehjem,  C.  A.,  and  Gonce,  J.  E. ,  Jr.,  J.  Nutrition,  20:433,  1940.   (12)  Thaddea, 
S.,  Z.  Physiol.  Chem.  279:9'*,  19'»5.  (15)  Schaefer,  A.  E. ,  McKlbbln,  J.  M. ,  and  Elvehjem,  C.  A.,  J.  Biol.  Chem.  144:679,  19'»2. 
(l4)  Ibid.,  145:521,  l?'??.   (15)  Potter,  R.  L. ,  Axelrod,  A.  E. ,  and  Elvehjem,  C.  A.,  J.  Nutrition,  24:449,  1942.   ri6)  Spector, 
H.,  Maass.  A.  R. ,  Mlchaud,  L. ,  Elvehjem,  C.  A.,  and  Hart,  E.  B. ,  J.  Biol.  Chem.  150:75,  19't5.   (17)  Maass,  A.  R. ,  Mlchaud,  L. , 
Spector,  H.,  Elvehjem,  C.  A.,  and  Hart,  E.  B. ,  Arch.  Blochem.  4:105,  1944.   (18)  Wesson,  L.  G.,  Science  75:359,  1952. 
(25)  Calculated  from  values  in  a  forthcoming  Report  of  the  Committee  on  Animal  Nutrition,  National  Research  Council. 

Reviewers :   Allison,  J.  B.;  Cravens,  W.  W.;  Cunha,  T.  J.;  Earle,  I.  P.;  Norris,  L.  C;  Robinson,  A.  D. ;  Schaefer,  A.  E.; 
Taylor,  M.  W. ;  Wesson,  L.  G. 
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}7.    DAILY  injrRiEi»r  allowaices:    fox  Aim  Knot 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

2  FG  NO 

6,lU,26,57  B-<J 
All  other  values 

Calc.   fr  la 

la 

Calc.    f r  1  by  b 

Contributors;   (a)  Harris,  L.  E.   (b)  Miller,  D.  F. 

Reference:   (1)  Forthccming  Report  of  the  Conmlttee  on  Animal  Hutrition,  national  Research  Council. 
Revlevera :   Cabell,  C.  A.;  Harris,  L.  E. ;  Miller,  D.  F.;  Borrls,  L.  C;  Schaefer,  H.  C;  Smith,  S.  E. 


38.   DAILY  NUTRIERT  ALLOWAHCES:   HORSE 


Contributor:   (a)  Petirson,  P.  B, 


Reference :   (1)  Values  In  this  table  calculated  and  adapted  from  a  forthcoming  Report  of  tAe  Coamlttee  on  Animal  Hutrition, 
National  Research  Council,  by  Pearson,  P.  B. ,  Winchester,  C.  F.,  and  Harvey,  A.  L. 

Revlevers:   Cupps,  P.  T.;  I.avton,  A.  H.;  Mitchell,  H.  H.;  Norrls,  L.  C;  Pearson,  P.  B.j  Schneider,  B.  H.;  Winchester,  C.  F. 


59.   DAILY  mrrRIENT  ALLOWANCES:   MONKEY 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

2  B 

Ic 

15  B 

15c 

23  B 

8b,  8c 

2-59  C 

b 

16  B 

3c,ltb,ltc,5c 

2lt   B 

9b, 9c, 10c 

9  B 

2b 

16  C 

l6a 

25  B 

lUb 

10  B 

2c, lib 

19  B 

6b 

Fn  5 

c 

U  B 

12b 

20,22  B 

7b 

Fn  lit 

c 

lU   B 

13b 

Contributors:   (a)  Rinehart,  J.  F. ,  and  Greenberg,  L.  D.   (b)  Shav,  J.  H. ,  (c)  Smith,  S.  C. 

References:   (1)  Rakieten,  N. ,  J.  Nutrition  10:357,  1935.  (2)  Day,  P.  L. ,  Vitamins  and  hormones  2:71,  19'tJ». 
(3)  Cooperman,  J.  M. ,   Elvehjem,  C.   A.,  McCall,  K.  B. ,  and  Ruegamer,  W.  R. ,  Kroc.  Hoc.  Lxp.  Biol.  Med.  6l:92,   19lt6. 
(U)  Day,  P.  L.  ,  and  Totter,  J.  R. ,  J.  Nutrition  36:803,  I9U8.   (5)  Sailth,  S.  C. ,  and  Elvehjem,  C.  A.,  J.  Nutrition  ^:'t7, 
1951.   (6)  Tappan,  D.  V.,  Leirts,  U.  J.,  Register,  U.  D. ,  and  Elvehjem,  C.  A.,  J.  Nutrition  U6: 75,  1952.   (7)  McCall,  K.  B. , 
Walsman,  H.  A.,  Elvehjem,  C.  A.,  and  Jones,  E.  S. ,  J.  Nutrition  51:685,  19I16.   (8)  Cooperman,  J.  M. ,  Walsman,  H.  A.,  McCall, 
K.  B. ,  and  Elvehjem,  C.  A.,  J.  Hutrition  30:1*5,  1945.   (9)  Waisman,  H.  A.,  and  McCall,  K.  B. ,  Arch.  Blochem.  U:265,  I9W1. 
(10)  Rinehart,  J.  F. ,  Greenberg,  L.  D. ,  and  Glnzton,  L.  L. ,  Blood  3:llt53,  191*8.   (11)  Greenberg,  L.  D.  ,  Rinehart,  J.  F. ,  and 
Phatak,  N.  M. ,  Proc.  Soc.  Exp.  Biol.  Med.  35:135,  1936.   (12)  Walsman,  H.  A.,  McCall,  K.  B. ,  and  Elvehjem,  C.  A.,  J.  Nutri- 
tion 29:1,  191*5.   (15)  Gerstenberger,  H.  J.,  J.  Am.  Fbarm.  Assoc.  27:5119,  1958.   (ll*)  Eraser,  H.  F.  ,  U.  S.  Pub.  Health  Rep. 
57:959,  191*2.   (15)  Filer,  L.  J.,  Rumery,  R.  E. ,  Yu,  P.  N. ,  and  Mason,  K.  E. ,  Ann.  N.  Y.  Acad.  Sci.,  52:281*,  191*9.   (I6) 
Rinehart,  J.  F. ,  and  Greenberg,  L.  D. ,  Am.  J.  Path.  25:1*81,  191*9. 

Revlevers:  Greenberg,  L.  D.)  McCall,  K.  S.;  Rinehart,  J.  F.;  Shav,  J.  H.;  Smith,  S.  C;  Tan  Uagenen,  C.;  Walsman,  H.  A. 


1*0.   DAILY  NOTRIEin'  ALLOWANCES:   RAT 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  B-F 

b 

11*  EF 

b 

21  EF 

b 

2  BCD 

Calc.  fr  11 

15  B 

a 

22,23  B  E 

e 

5  BCD 

a 

15  CD 

la. 

22,25  c 

6c 

1*   B-F 

b 

15  EF 

e 

22-21*  D 

la 

5  B  DEF 

b 

16  BCD 

la 

22  F 

8a 

5  C 

5c 

16  EF 

b 

25  F 

9e 

6,7  B-F  i  Fn  1 

b 

Fn  6 

5a,  U 

21*   B 

e 

8  B-F 

10 

17  B-F 

b 

21*  C 

7c 

9-11  BCD 

la 

Fn  7 

2de,8de 

21*  EF 

10 

9-11  8F 

b 

18,19  BCD 

la 

25,26  B  F 

C«ac.    fr  10 

12  B 

a 

18,19  BF 

b 

27  B  F  &  Fn  11 

b 

12  CD 

la 

20  BC 

a 

28-58  flCDEF 

Calc.    fr  10 

12  E 

e 

20  D 

la 

39  BC 

Calc.    fr  10 

12  F 

10 

20  EF 

e 

59  DBF 

b 

15  B-F  *  Fn  1* 

b 

21  BCD 

la 

Fn  12 

b 

lU   BCD 

la 

21  EF 

b 

(Continued  on  the  next  page) 
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W.   DAILy  HUTRIEHT  AIXOWAHCES:   RAT  (Concluded) 


Contributors:   (a)  Brown,  R.  A.  (b)  Daft,  F.  S.   (c)  Mills,  C.  A.   (d)  Pavcek,  P.  L.   (e)  Slanetz,  C.  A. 

References:   (1)  Brown,  R.  A.,  and  Sturtevant,  M.,  Vitamins  and  honipnes  7.171   1949    (2)   Pavcek   P  L 

and  Baum,  HM.,  Am  Chem  See  Meeting  Dlv.  Biol.  Chem.,  Abst.  2p,  ;*ril, '  igUi.   (3) 'Endlcott,  K.  M.,'  Daft,'F.  S.,  and  Ott, 

M.,  Arch.  Path  ltO:564,  191*5.   (1*  Komberg,  A.,  Daft,  F.  S.,  and  Sebrell,  W.  H.,  Arch.  Blochei.  8:kii,   19U5.   (5)  Mills  C 

S.,  Arch.  Blochem.  2:335,  19^.  (6)  Ibid.,  2:159,  191*5.  (7)  Mills,  C.  A.,  Am.  J.  Physiol.  133-525,  1*1    8)  Slanetz  c 

A.,  ta^  J.  Vet.  Res.  4:182,  19U3.   (9)  Sure,  B.,  J.  Hutrltion  12:57,  1940.   (10)  Farrls,  E.  J^  and  Griffith  J.  Q^  lit 

^l^r^M.  go^!'''l^5?'  "^^^^P"*^  J-  B-  Upplncott  CO.,  191.9.   (11)  Brody,  S.,  Bloenergetlcs  and  growth.  tew^S^IT 

Reviewers:  Bosshardt,  D.  K.;  Brown,  R.  A.;  Daft,  F.  S.;  Fenton,  P.  F.;  Mills,  C.  A.;  Pavcek,  P.  L.;  Schweigert,  B.  S.; 
Slanetz,  C.  A. 


Ul.   DAILY  HOTRIEin'  ALLOWAHCES:   GERM-FREE  RAT,  CHICKEN 

References:   Data  contributed  by  Reynlers,  J.  A.,  and  Luckey,  T.  D.,  and  adapted  from  Reynlers,  J.  A.,  et  al.,  Lobxmd  Report  2, 
Notre  Dame,  Indiana:  University  of  Notre  Dane,  1950,  and  Lobund  Report  3  (In  press). 

Reviewers :  Bird,  H.  R.;  Briggs,  G.  H.;  Combs,  C.  F. ;  Heuser,  G.  F.;  Luckey,  T.  D.;  Mills,  C.  A.;  Slanetz,  C.  A. 


Us.    DAILY  mmuEsr  allowahcbs:    cebiaih  rodents 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  BCD 

la 

6  D 

31c 

13  D 

26b 

2  B 

Calc.   fr  5,6,7  B 

7  D 

3c 

11*  B 

8f 

2  C 

Calc.   fr  5,6,7  C 

8  D 

Uc 

11*- 18  C 

7f 

2  D 

Calc.    fr  5,6,7  D 

9,ll,12,ll*-2l*  D 

Calc.  fr  c 

19  C 

8f 

5  B 
3  0 

5  D 

U-7,9,5't  C 
5,6,7,9  B 

Calc.   fr  5,6,7,5'»  B 

Calc.  fr  5,6,7,5"*  C 

ce 

7f 

8f 

10  BC 
11,12,16,17,19-2U, 

1*1  B 
11, 12, 20-21*, 1*1  C 

13  C 

d 

2l*f 

25r 

d 

25-56,58,UO  D 

31*  B 

Fn  2-10,15,16,18,21 

Fn  11,12 

Fn  11* 

Calc.    fr  c 

3or 

f 

c 
26b 

5  D 

Calc.    fr  c 

Contributors:   (a)  Blng,  F.  C.   (b)  Bosshardt,  D.  K. 
Tf]  Schweigert ,  B.  S. 


(c)  Fenton,  P.  F.   (d)  Johnson,  B.  C.   (e)  Morris,  H.  P. 


References:   (1)  Blng,  F.  C.  and  Mendel,  L.  B. ,  Am.  J.  Physiol.  98:169,  1931.   (2)  Fenton,  P.  F.  and  Carr,  C.  J.,  J.  Nutrl- 
tlonTJ^l,  1951.   (3)  Fenton,  P.  F.  and  Carr,  C.  J.,  J.  Nutrition  ]i5:225,  1951.   (■*)  White,  E.  A.,  Foy,  J.  R.  ,  and 
Cerecedo,  L.  R.,  Proc.  Soc.  Exp.  Biol.  Med.  5|i:301,  191*3.   (5)  Beard,  H.  B. ,  Am.  J.  Pbyeiol.  75:668,  1925.   (6)  Sure,  B. ,  J. 
Nutrition  19:57,  19l*0.   (7)  Hamilton,  J.  W. ,  and  Hogan,  A.  G. ,  J.  Nutrition  27:215,  191*1*.   (ffFSchwelgert ,  B.  S. ,  Vitamins 
and  Hormones  6:55,  191*8.   (9)  Beard,  H.  H.  and  Pomerene,  E. ,  Am.  J.  FtiyBiol.~H9i:5l* ,  1929.   (10)  Pomerene,  E.  and  Beard,  H. 
H.,  Am.  J.  Physiol.  92:282,  193O.   (11)  Wolfe,  J.  M.  and  Salter,  H.  P.,  J.  Nutrition  U:l85,  1931.   (12)  Murphy,  R.,  Science 
89:203,  1939.   (13)  Bryan,  W.  L.  and  Mason,  K.  E. ,  Am.  J.  Physiol.  151:263,  191*0.   (iT)  ttorrls,  H.  P.  and  Uppincott,  S.  W. , 
J.  Nat.  Cancer  Inst.  2:29,  191*1.   (15)  Coettsch,  M. ,  J.  Nutrition  25:513,  191*2.   (16)  Cerecedo,  L.  R. ,  aid  Vinson,  L.  J., 
Fed.  Proc.  5:55,  191*1*.   (17)  Nielsen,  E.  and  Black,  A.,  J.  Nutrition  28:205,  191*1*.   (18)  ttDrrls,  H.  P.  ,  and  Dubnik,  C.  A., 
J.  Nat.  Cancer  Inst.  8:127,  19l*7.   (19)  Fenton,  P.  F.  and  Cowglll,  C.  R.  ,  J.  Nutrition  5U:273,  191*7.   (20)  Fenton,  P.  F. , 
Shrader,  R.  E. ,  and  Cowglll,  G.  R. ,  Fed.  Proc.  8:382,  19l*9.   (21)  Fenton,  P.  F. ,  Cowglll,  G.  R.  ,  Stone,  M.  A.,  and  Justice, 
D.  H. ,  J.  Nutrition  |*2:257,  1950-   (22)  Blng,  F.  C. ,  Adams,  W.  K.  ,  and  Bowman,  R.  0.,  J.  Nutrition  5:571,  1932.   (23) 
Bosshardt,  D.  K. ,  Ydse,  L.  C. ,  Ayres,  M.  M. ,  and  Barnes,  R.  H.  ,  J.  Nutrition  31:23,  191*6.   (21*)  Mclntlre,  J.  W.  ,  et  al.  ,  J. 
Nutrition  27:1,  191*1*.   (25)  Cranados,  H.  ,  and  Dam,  H.  ,  Fed.  Proc.  9:360,  1950.   (26)  Bosshardt,  D.  K.  ,  Paul ,  W.  J.  and  Barnes, 
R.  H.,  J.  Nutrition  jtO: 595,  1950.   (27)  Leroy,  J.,  Compt.  rend.  Soc.  Biol.  9lt:l*31,  1926.   (28)  Kemmerer,  A.  R.  ,  Elvehjem, 
C.  A.  and  Hart,  E.  B. ,  J.  Biol.  Chem.  92:625,  1951.   (29)  Day,  H.  G.  and  Skldmore,  B.  E. ,  J.  Nutrition  3J:27,  191*7.   (30) 
Hegsted,  D.  M. ,  et  al.,  J.  Biol.  Chem.  138:1*59,  191*1.   (31)  Fenton,  P.  F.  and  Cowglll,  G.  R. ,  J.  Nutrition  35:703,  19U7. 

Reviewers :   Bing,  F.  C;  Bosshardt,  D.  K.;  Brown,  R.  A.;  Cerecedo,  L.  R.;  Cunha,  T.  J.;  Fenton,  P.  K.;  Johnson,  B.  C; 
Mason,  K.  E.;  Mills,  C.  A.;  Morris,  H.  P.;  Pavcek,  P.  L.;  Schweigert,  B.  S. 

1*3.   DAILY  NUTRIENT  ALLOWANCES:   SHEEP 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

.1  B-G 

2a 

15  D-G 

b 

iU   C 

a 

2-1*  C 

a 

25  C 

a 

37  B 

lb 

6,7  B-G 

a 

26  B 

lb 

Fn  11* 

b 

10  C 

c 

27,28  BC 

b 

All  other  values 

1 

15  D-F 

a 

Contributors:   (a)  Beeson,  W.  M.   (b)  Ellis,  N.  R.   (c)  Kanmlade,  W.  G.,  Jr. 

References:   (l)  Calculated  from  and  in  agreement  with  data  in  a  fortbccaning  Report  of  the  Committee  on  Animal  Nutrition. 
National  Research  Coupcll.   (2)  Morrison,  F,  B. ,  Feeds  and  feeding,  Ithaca,  N.  Y, :  Morrison  Co.,  19kQ. 

Rev  levers:   Beeson,  W.  M.;  Ellis,  N,  R.;  Johnson,  B.  C;  Kammlade,  W.  C;  Norrls,  L.  C. 
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Vi.      DAILY  SUTRIEHT  ALLOWANCES:   SWINE 


Data  Coordinates 

Contributors 

Data  Coordinates 

■  Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

2,5,5,7,9,10  B-E 

la 

13, lU   B-E  &  Fn  10 

la 

Fn  17 

2d 

Fn  5 

f 

15  B-E  4  Fn  15 

5d 

22  B 

e 

Fn  6 

d 

16  B 

c 

25-26,28,50-35,57, 

Fn  7 

b 

Fn  15 

1 

59  BCDE 

la 

12  B  &  Fn  8 

laM 

19,20  B-E 

la 

Fn  20 

1 

Contritutors:  (a)  Beeson,  W.  M.  (b)  Cunha,  T.  J.  (c)  Johnson,  B.  C.  (d)  Mitchell,  H.  H.  (e)  Taylor.  M.  W.  (f)  Teller, 
J.  H. 

References;  (1)  Calculated  from  and  In  e^reement  with  values  in  a  forthcoming  Report  of  the  Committee  on  Animal  Nutrition. 
National  Research  Council.  (2)  Luecke,  R.  W.,  et  al.,  J.  Nutrition  26:1*17,  19U8.  (3)  Adamatone,  F.  B. ,  et  al.,  Ann.  N.  Y. 
Acad.  Sci.  ^:260,  19U9.   (1*)  Neshelm,  R.  0.,  and  Johnson,  B.  C,  J.  Nutrition  la:llt9,  1950. 

Reviewers:   Beeson,  W.  M. ;  Cunha,  T.  J.;  Ellis,  N.  R. ;  Johnson,  B.  C;  Luecke,  R.  W. ;  Mitchell,  H.  H.;  Norrls,  L.  C; 
Schneider,  B.  H.;  Taylor,  M.  W. ;  Zeller,  J.  H. 

1*5.   DAILY  NUTRIENT  ALLOWANCES:   CHICKEN 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1   B  D-K 

2f 

16  B 

la,lc 

26  D  I 

f 

1   C 

2e 

16  C  H 

f 

28  B  G 

la 

2  B  DEF 

2e 

16  E 

d 

28  C  H 

2f 

3  BC 

lacf 

16  G 

la, 7b 

50  BC  EF 

la.lc 

3   D-K 

la 

18  B 

Ic 

50  GH  JK 

la 

1*  B  EFG  IJ 

2e 

18  C  H 

2f 

51  BC  GH 

2f 

5  BC 

lacf 

18  G 

la 

52  B 

la,lc 

5  DEF  IJK 

la 

19  B 

la,lc,lf 

52  C  H 

2f 

5  CH 

If 

19  C  H 

2f 

52  G 

la 

6  B  E-J 

2e 

19  0 

la 

33  B 

Ic 

7  B-K 

2f 

20   B-F 

la.lc 

33  EFG  K 

la 

9  B-K 

lacfg 

20  G  JK 

la 

3U   B-F 

Ic 

11   B 

lacf 

20  H 

la,2f 

51*  0-K 

la 

11  C  E  H  J 

2f 

22  B  D-G  JK 

la,lc 

55  BC 

Ic 

11  FG  K 

la 

22  C  H 

2f 

35  GH 

la 

12  B  G 

la 

25   B-F 

la,lc 

57.  B-F 

Ic 

12  C  EF  H  JK 

2f 

23  G-K 

la 

57  G-K 

la 

13  B  G 

5c  ,6c 

21*  BC  GH 

2f 

Fn  1,2,5 

2f 

15  F 

6c 

25  BCD 

lc,lf 

Fn  5,8 

f 

13  K 

5c 

25  E-K 

la 

Fn  7,11 

b 

ll*  B-K 

la.lc 

26  BC  E-H  JK 

g 

Fn   12,11* 

d 

15  BC  GH 

2f 

Contributors:   (a)  Bird,  H.  R.   (b)  Briggs,  G.  M.   (c)  Combs,  G.  F.   (d)  Johnson,  B.  C. 
R.  B.   (g)  Scott,  M.  L. 


(e)  McKee,  R.  W.   (f)  Nestler, 


Reierences:   (1)  Calculated  from  and  in  agreement  with  data  in  a  forthcaning  Report  of  the  Comnittee  on  Animal  Nutrition, 
National  Research  Council.   (2)  Poultry  Nutrition,  South  Pasadena,  California:   Ewlng  Publishing  Co.,  1951.   (5)  Davis,  R. 
L. ,  and  Briggs,  G.  M. ,  Poultry  Sci.  30:628,  195I.   (It)  Milllgan,  J.  L. ,  Arscott,  G.  H. ,  and  Combs,  G.  F. ,  Poultry  Sci.,  31: 
850,  1952.   (5)  Ibid.,  51:595,  1952.   (6)  Norrls,  L.  C. ,  Heuser,  G.  F. ,  and  Miller,  R.  F. ,  Cornell  Feed  Service,  November 
1950,  plO.   (7)  Titus,  H.  W. ,  The  scientific  feeding  of  chickens,  Danville,  111.:  Interstate,  Inc. ,  191*9. 

Reviewers :   Bird,  H.  R.;  Boucher,  R.  v.;  Briggs,  G.  M. ;  Combs,  G.  F.;  Couch,  J.  R.;  Heuser,  G.  F.;  Johnson,  B.  C;  Luecke, 
R.  W.;  McKee,  R.  W.;  Nestler,  R.  B.;  Norrls,  L.  C;  Scott,  M.  L. 

1*6.   DAILY  NUTRIENT  ALLOWANCES:   TURKEY 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

5,5,9,12,l'*,a5,55, 

16  B 

la 

25,5''  CD 

le 

51*  B 

la.le 

16  D 

5b 

26  BCD 

e 

3  C 

la 

18  B 

l>d 

Fn  10 

c,e 

3  D 

la,  2d 

19,22  B 

31) 

Fn  11 

e 

5,9  CD 

la 

20  B 

la 

50,55  BCD 

ltd 

7  BCD 

l*d 

20  CD 

Ud 

55  D 

la 

9  CD 

la 

23  B  D 

la.Ud 

51*  CD 

le 

lU  BCD 

la,le 

23  C 

Ud 

37  BCD 

la 

Contributors:   (a)  Bird,  H.  R.   (b)  Johnson,  B.  C.   (c)  Kratzer,  F.  H.   (d)  Nestler,  R.  B.   (e)  Scott,  M.  L. 

References:   (1)  Calculated  from  and  in  agreement  with  values  in  a  forthcoming  Report  of  the  Comnittee  on  Animal  Nutrition, 
National  "Research  Council.   (2)  Wltson,  D. ,  et  al. ,  Poultry  Sci.  25:511i,  191*1*.   (5)  Adapted  from  Johnson,  B.C.  (unpublished). 
(1*)  Harsden,  S.  J.  ,  and  Martin,  H. ,  Turkey  management,  Danville,  111.:   Interstate,  191*9. 

Reviewers:   Bird,  H.  R.;Groschke,  A.  C;  Hogan,  A.  G.;  Johnson,  B.C.;  Kratzer,  F.  H.;  Lawton,  A.  H.;  Nestler,  R.  B.;  Norrls, 
L.  C;  RuaseU,  W.  C;  Scott,  M.  L. ;  Slinger,  S.  J.;  Wilcke,  H.  L. 
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1*7.      DAILY  tTOTRiniT  ALLOWAMCES:      FISH 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

5  B-E 

11a 

13  BC  E 

2a 

19  D  G 

2a 

5  F  HI 

12a 

m  BCD  F-I 

2a 

19  F  HI 

6a 

8  B-I 

2a 

Ik  E 

la 

20  E 

13b 

9  BCD  F-I 

2a 

15  BC 

Ua 

21  BC  E 

7a 

9  E 

13b 

15  D  F 

2a 

21  D  F  I 

2a,llta 

Fn  k 

Calc.   fr  13  by  b 

15  E 

la.Ua 

22  BC  E 

7a 

10  BC  E 

3a 

16  BC 

la 

22  D  F  HI 

2a,lUa 

10  D  F-I 

2a,  9a 

16  D  F 

2a 

23  BC  2 

8a 

11  BCD  F-I 

Sa,ll»a 

16  E 

13b 

23  D  F  H 

9a 

U  E 

15b 

18  BC  E 

3a 

23  0 

2a 

12  B-I 

2a 

18  F 

2a,llta 

23  I 

10a 

19  BC  E 

7a 

29  B-E 

15b 

Contributors:      (a)  HalTer,   J.   E.      fb)   Hillllps,    A.  M. ,    Jr. 

Keferenoes:      (1)  Wolf,   L.   E. ,    Prog.   Fish  Cult.   13:21,   1951-      (2)   Halver,   J.   E. ,  unpublished  research  report,   Dept.   of  Int., 
Fish  and  Wildlife  Service.   1950-51.      (3)   Phillips,   A.  M. ,   Jr.,  Fish.  Res.  Bull.,   Albany:   II.  Y.   Conserv.   Dept..lO:9,   I9U7. 
(I*)   Ibid.,   12:5, 19U9.      (5)   Ibid.,   8:7,   19''5-      (6)  Sucker,   R.   P.,    Johnson,   H.   E. ,   and  Kaydas,   0.   M. ,    Prog.  Fish.   Cult.   lU:10, 
1952.      (7)   Hillllps,  A.   M.,    Jr.,   et  al..   Fish.  Res.  Bull.,   Albany:   N.   Y.    Conserr.   Dept.   6:11,   19Wt.      (8)   Ibid.,   9:11,   19^6. 
(9)  Donaldson,   L.   R. ,   School  of  Fisheries,  Unlr.   of  Washln^on,   Seattle,    (unpublished).      (10)  B^urrovs,  R.  E.,    and  Karrlck, 
N.   L.,   Ind.   Res.    and  Dorr.   Wv.  Report  No.l,   igi*?.      (11)   Hillllps,    A.   M. ,   Jr.,   et  al..  Fish  Res.  Bull.   Albany:   N.  Y.   Conserv. 
Dept.   11:7,   191*8.      (12)   Billllps,   A.   M. ,   Jr.,   U.    S.   Fish  and  Wildlife  Service,   Cortland,   N.  Y.,   1951,    (unpublished).      (13) 
McLaren,   B.   A.,   Keller,  E. ,   O'Dormell,   J.,   and  ElTehJem,   C.   A.,   Arch.  Blochem.   15:169,   19''7-      (1"*)  Halver,   J.   E. ,   unpub- 
lished research  report,   Dept.   of  Int.,   Fish  and  Wildlife  Service,   1951-1952.     (15)  Marine,   D.,   J.  Exp.  Med.   12:70,    igiU. 

Revlevers:      Halver,  J.   E.;  McLaren,   B.  A.;    Phillips,   A.   M. ,  Jr.;   Rucker,  R.   R.;  Wolf,  L.   E. 


I18.     DIETS,  LOW  COST:     MAH,  U.S.A. 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

1-19  B 

All  others  &  Fn  1, 
2,5,11 

la 

2b 

Contributors:      (a)   Krogman,  W.   M.      (b)   Rilpard,  E.   F. 

References:      (1)   Values   calculated  and  adapted  from  Krogman,  W.   M. ,  Grovth  of  man,  Tabulae  biologicae.   Den  Raag,  Nether- 
lands:    UitgererlJ,   Dr.  W.  Junk,  20,   igltl.      (2)  Values  calculated  and  adapted  from  U.   S.  Dept.  of  Agriculture,  Miscellan- 
eouB  Publication,  No.  662,  U.  S.   Dept.  Agr. ,   1950. 

Revlevers:     Krogman,  W.  M.;  Phlpard,  E.  F.;   Porter,   T. 


1*9.     DIETS,  MODERATE  COOT;     MAN,   U.S.A. 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

1-19  B 

All  others  &  Fn  1, 
2,3,11 

la 
2b 

Contributors:      (a)  Krogman.  W.  M.     (b)   Phlpard.   E.   F. 

References:      (1)  Values  calculated  anl  adapted  from  Krogman,  W.   M. ,  Grovth  of  man.  Tabulae  biologicae.  Den  Haag,  Nether- 
lands-    UitgererlJ,  Dr.  W.  Junk,  20,   iglil.      (2)  Values  calculated  and  adapted  from  U.   S.  Dept.  Agriculture,  Miscellaneous 
PubUcation,   No.   662,  U.   S.   Dept.   Agr. ,   195O. 

Revlevers :      (a)  Krogman,  W.   M.     (b)   Phlpard,   E.   F.      (c)   Porter,  T. 
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50.      DIETS:      lABORATCRr  AHD  KKESHC  AMIMALS 


Data  Coordinates 
and  Footnotes 


1-15  CDE 
16-27  CDE 
26-Ul  BCDE 
lt2-62  BCDE 
63-82  CDE 


Contributors 
and  References 


6 
5 

b,9f 
la 


Data  Coordinates 
and  Footnotes 


83,811,86-112  BCDE  & 

115-118  CDE 
119-132  CDE 

135  C 

153-l'*0  DE 


Contributors 
and  References 


lib 

8 
g 


Data  Coordinates 
and  Footnotes 


lUl,lU2  BCDE 
IU3-I5O  BCDE 
151-161*  CDE 
165-176  CDE 
177-209  BCDE 


Contributors 
and  References 


2d 

7 
k 
la 


(d)  Moment,  G.  B.   (e)  Polley,  S.  H. 


Coptrlbutora:   (a)  Bird,  H.  R.   (b)  Luckey,  T.  D.   (c)  Miller,  H. ,  and  Burgess,  H.  M. 
(f)  Reyniers,  J.  A.   (g)  Shaw,  J.  H.   (h)  Tunlson,  A.  V. 

References:   (1)  Report  of  Committee  on  Anljial  Hutrltiop,  national  Research  Council.  Mar.  1950:  adapted  by  Bird,  H.  R.   (2) 
J.  Exp.  Zool.  65:359,  1935.   (3)  Archives  of  biochemistry,  15:181,  Hev  York:  Academic  Press  Inc.,  191*7.   (■•)  Report  of  Com- 
mittee on  Animal  Hutrltlon.  2,  National  Research  Council,  Aug.,  1950-   (5)  Report  of  Committee  on  Animal  Hutritlon.  3.  Na- 
tional Research  Council.  Apr.,  I953T  (6)  Report  of  Committee  on  Animal  Nutrition.  U.  National  Research  Council.  Dec.  1950. 
(7)  Report  of  Committee  on  Animal  Nutrition,  5.  National  Research  Council.  Aug.,  19't9-   (8)  Report  of  Committee  on  Animal 
Sutrltlop,  6,  National  Research  Council.  Mar.,  19l*9-   (9)  Reyniers.  J.  A.  et  aJ...  Lobund  Reports.  2,  Notre  Dame,  Indiana: 
Univ.  of  Notre  Dame,  195O  and  Lobund  Reports,  3,  ( in  press).   (10)  Hogan,  A.  G.,  and  Hamilton,  J.  W.,  J.  Nutrition  22:533, 
19U2.   (11)  Tunlson,  A.  V.,  Trout  feeds  and  feeding,  U.  S.  Dept.  of  Interior,  Feb  ,  1945- 

Rerievera:   Bird,  H.  R.;  Burgess,  H.  M. ;  Conrad,  H.  R.;  Crampton,  E.  W. ;  Davey,  R.  J.;  Hlbbs,  J.  W. ;  Kleiber,  M. ;  Luckey, 
T.  D. ;  McCall,  K.  B.;  Miller,  H.;  Moment,  G.  B.;  Phillips,  A.  M.,  Jr.;  Polley,  S.M.;  Shaw,  J.  H.j  Tunlson,  A.  V.;  van 
Vagenen ,  G . ; 

51.   ZOO  DIETS:   MAJKALS,  CARNIVORES 


References:  These  data  con5)iled  and  calctilated  from  data  contributed  by  (a)  Crosble,  G.  G.;  (San  Diego  Zoological  Gardens); 
(b)  Goss,  L.  J.,  Gandall,  C.  P.,  and  McClung,  R.  M.,  (New  York  Zoological  Park);  (c)  Luckey,  T.  D.,  (Lincoln  Park  Zoo,  Chicago, 
111.,  M.  Perkins,  Director). 


Reviewers:  Benchley,  B.  J.;  Conway,  W.  G.;  Crosbie,  G.  G.;  Gandal,  C.  P. 
Itann,  W.  M.;  Ratcllffe,  H.  L.;  VierheUer,  G.  P.;  Walker,  E.  P. 


Goss,  L.  J.;  Uickey,  T.  D.;  McClung,  R.  M.; 


52.   ZOO  DIETS:   MAM4A1S,  HERBIVORES 


References:  These  data  con^iled  and  calculated  from  data  contributed  by  (a)  Crosble,  G.  G. 
(b)  Goss,  L.  J.,  Gandal,  C.  P.,  and  McClung,  R.  M.,  (New  York  Zoological  Park);  (c)  Luckey, 
111.,  M.  Perkins,  Director). 


(San  Diego  Zoological  Gardens); 
T.  D.  (Lincoln  Park  Zoo,  Chicago, 


Reviewers:  Benchley,  B .  J  . ;  Conway,  W .  G  . 
Mann,  W.  M.;  Ratcllffe,  H.  L.;  VierheUer, 


;  Crosbie,  G.  G.;  Gandal,  C.  P.;  Goss,  L.  J.;  Luckey,  T.  D.;  McClung,  R.  M.; 
G.  P.;  Walker,  E.  P. 


53.   ZOO  DIETS:   BIRDS 


References:  These  data  conqiiled  and  calculated  from  data  contributed  by  (a)  Goss,  L.  J.,  Gandall,  C.  P.,  and  McClung,  R.  M. 
(New  York  Zoological  Park),  and  (b)  Crosbie,  G.  G. 


Reviewers:   Benchley,  B.  J.;  Conway,  W.  G.;  Crosbie,  G.  G.;  Gandal,  C.  P.; 
Mann,  W.  M.;  Ratcllffe,  H.  L.;  VierheUer,  G.  P.;  Walker,  E.  P. 


Goss,  L.  J.;  Luckey,  T.  D.;  McClung,  R.  M.; 


5I1.   REPRESEWTATIVE  SYIWHEriC  DIETS:   INSECTS 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

l-ltJ»  B 

lb 

1-Wl  G 

10b, 11a 

Fn  10,U,12,15 

c 

l-W*  C 

2c 

l-Wt  H 

I2c 

Fn  15 

lltb 

1-Ul.  D 

5c.Ua 

Fn  2,3,U 

b 

Fn  16 

15b, c 

Fn  1 

5a, 6a, 7a, 13a, b 

Fn  6 

e 

Fn  17 

I6b,c 

1-Ut  E 

8b 

Fn  7 

b 

Fn  18 

17b 

1-ltJt  F 

9b 

Fn  8 

e 

Contributors :   (a)  Fraenkel,  G.   (b)  Noland,  J.  L.   (c)  Trager,  W. 

References:   (1)  Noland,  J.  L.,  and  Baumann,  C.  A.,  Proc.  Soc.  Exptl.  Biol.  Med.  22:^98,  191t9-   (2)  House,  H.  L.,  Canadian 
Entomologist  No.  5,  19't9.  (3)  Fraenkel,  G.,  Blewett,  M.,  and  Coles,  M.,  Physiol.  Zool.  2J:92,  1950.   (U)  Fraenkel,  G.,  Arch. 
Biochem.  Blophys.,  ^:li57,l»68,1951.   (5)  Fraenkel,  G.,  and  Blewett,  M.,  J.  Btp.  Biol.  20:28,  19li3.   (6)  Fraenkel,  G.,  and 
Blewett,  M.,  Biochem.  J.,  22  =  686,692,  19l»3.   (7)  Ibid.,  U1:U69,  19lt7.   (8)  Fraenkel,  G.,  and  Blewett,  M.,  J.  Exp.  Biol,  g: 
162,  I9U6.   (9)  Beck,  S.  D.,  Physiol.  Zool.,  2J:353,  1950.   (10)  Hlnton,  T.,  Noyes,  D.  T.,  and  Ellis,  J.,  Physiol.  Zool., 
2ii:355,  1951-   (11)  Begg,  M.,  and  Robertson,  F.  W.,  J.  Exp.  Biol.  26:380,  1950.   (12)  Trager,  W.,  Inaect  physiology,  Roeder, 
K.  D.,  Ed.,  Philadelphia:  John  Wiley  &  Son,  Inc.,  1953.   (13)  Lemonde,  A.,  and  Bernard,  R.,  Can.  J.  Zool. ^: 71, 80,  1951. 
(11»)  Tatum,  E.  L.,   Proc.  Nat.  Acad.  Sci.,   25:lt90,  1939.   (15)  McCollum,  E.  V.,  and  SlmDnda,  N.  J.,  J.  Biol.  Chen.  2J:55, 
1918.  (16)  Fhaxaacopeia  of  the  United  States,  XII  Revision,  p.  637.   (17)  Wesson,  L.  G.,  Science  J5:339,  1932. 

Reviewers:   Beck,  S.  D. ;  Fraenkel,  0.  S.;  Harvey,  0.  T.;  Hassett,  C.  C;  Hlnton,  T.;  Bouse,  H.  L.  j  Noland,  J.  L.j  Trager, 
W.;  Vlllee,  C.  A. 
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55.   SELBCTED  SOUBCES  FOR  CEBTAUI  SOTRIENTS 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

5i*, 56-59  B 
55  B 

ito-ia  B 
'(5-l»9  B 

2b 

2b,5b 
b 
l*b 

50-5lt  B 
55-62  B 
65-67  B 
7lt-76, 78,79  B 

5b 
6b 
Tb 
8b, 9b 

T7B 
80-85  B 

All  other  values 
and  Fn  3,6 

8b,9b,10b 
8b 

la 

ContrlbutorB :   (a)  Watt,  B.  K. ,  and  Merrill,  A.  L.   (b)  Wooster,  H.  A.,  Jr. 

References:   (l)  Watt,  B.  K. ,  aai  Merrill,  A.  L. ,  U.  S.  Kept.  A«r.  Handbook  8,  195O.   (2)  Engel,  R.  W. ,  J.  nutrition  ^:WH, 
19'*5.   (5)  Horovltz,  H.  H.,  and  Beadle,  G.  W. ,  J.  Biol.  Chem.  150:325,  19'»5.   (■*)  Table  of  food  values  recomnended  for  use 
in  Canada,  Ottawa:   Dept.  of  Health  and  Welfare,  1951.   (5)  Harris,  P.,  Quaife,  M.  L. ,  and  Svanson,  W.  J.,  J.  nutrition  UO: 
367,  1950.   (6)  Toepfer,  E.  W. ,  et  ed.,  U.  S.  Dept.  Agr.  Handbook  29,  1951.   (7)  Dam,  H. ,  and  Galvin,  J.,  Biochemical  J.  32: 
W5,  1958.   (8)  Cheldelin,  V.  H.,  and  Wlllieuns,  R.  J.,  Univ.  Texas  Pub.  't257,  19*2.   (9)  Jukes,  T.  H.,  J.  Nutrition  21:195, 
ig^tl.   (10)  Schweigert,  B.  S. ,  J.  nutrition  51:285,  1955. 

Revi ewers :   Biokerd,  E.  F.;  Bradley,  W.  B.;  Frey,  C.  B.;  Ives,  M. ;  Kochaklan,  C.  D.;  Merrill,  A.  L.;  Helson,  E.  M.;  Proctor, 
B.  E.;  Watt,  B.  K.;  Wells,  S.;  Wooster,  H.  A.;  Jr. 


56.   BALAIKED  SALT  SOLUTIOIB  FC»  ISOLATED  ABBIAL  TISSUES 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1,6,9,10,15  B 

1,11,6,9,10,12, 

2,5,5,6,7,9,10,11, 

i  Fn  8 

Id 

15  CB  &  Fn  2,5,6 

6d 

15  L  *  Fn  It, 6, 7 

lOde 

1,11,6,10  C 

2d 

l,!*, 5,6,7,9,10,11, 

1,'',5,6,7,9,10,11, 

1,6,9,10  D  &  Fn  1 

5d 

15  I 

Tbd 

13  M 

llbd 

1, '(,6,9,10,12, 15  E 

1>.6,7,9,10,11, 

2,11,6,7,9,10,11, 

*  Fn  6 

"id 

15  J 

8bd 

15  H 

12d 

1,11,6,10,12,15  F 

5cd 

1,5,6,9,10,12,15  K 

9abcd 

1,11,6,9,10,11,15  0 

13bd 

Contributors :   (a)  Earle,  W.  R.   (b)  Hanks,  J.  H.   (c)  Parker,  R.  c.   (d)  Wajmouth,  C.   (e)  White,  P.  R. 

References :  (1)  Locke,  F.  S. ,  Centralb.  fur  Physiol.  lll:670,  I9OX.  (2)  Pannett,  C,  anl  Co^pton,  A.,  Lancet  206:38l,  19all. 
(5)  Holtfeter,  J.,  quoted  by  Fischer,  I.,  Gruolrlss  der  Gewebazuchtupg.  Jena:  Fischer,  19li2,  p6.  (It)  Wllliier7~E.  N. ,  and 
Kendall,  L.  P.,  J.  Exp.  Biol.  9:lli9,  1952.  (5)  Parker,  R.  C,  Methods  of  tissue  culture.  Hew  York:  Hoeber,  1958,  p56.  (6) 
Baker,  L.  E. ,  Science  85:605,  1956.  (7)  Gey,  C.  0. ,  and  Gey,  M.  K. ,  Am.  J.  Cancer  27:'>5,  1956.  (8)  Parker,  R.  C,  Methods 
of  tissue  culture,  London:  Cassell  and  Co.,  1950,  p8l.  (9)  Earle,  W.  R. ,  J.  Hat.  Cancer  Inst.  Ii:l65,  19113.  (10)  White,  P. 
R.,  J.  Cell.  Ccmp.  Physiol.  5!t:221,  I9I19.  (11)  (Juoted  by  WeUer,  T.  H.,  and  Enders,  J.  F. ,  Proc.  Soc.  Exp.  Biol.  Med.  69: 
I2I1,  19I18.   (12)  Waymouth,  C,  (unpublished).   (13)  Slmns,  H.  S. ,  and  Sanders,  M. ,  Arch.  Path.  35:619,  19112. 

Reviewers :  Conmoner,  B. ;  Fischer,  A.;  Hanks,  J.  H.;  Morgan,  J.  F.;  Fhrker,  R.  C;  White,  P.  R. 


57.   NOTRIEHr  SOUmOHS:   HIGHER  FLABTS 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

1-6,8, 9, U, 13  B 
1-5,7,8,10,12,13  C 

Fn  1 

Fn  2 
Fn  3 

2b 
3e 
lg,lid,5f,6l,7a,8a, 

9h,10c 
b 
g 

Contributors:   (a)  Aldrlch,  D.  G. ,  Jr.   (b)  Amon,  D.  I.   (c)  Arthur,  J. 
J.  W.   (g)  Smith,  P.  F.   (h)  Steinberg,  R.  A.   (1)  Thlmann,  K.  V. 


M.   (d)  Bear,  F.  E.   (e)  Robblns,  W.  R.  (t)   Shlve, 


References :   (1)  Smith,  P.  F. ,  (unpublished  data  ).  (2)  Hoagland,  D.  R. ,  and  Amon,  D.  I.,  Univ.  Calif.  Agr.  Sta.  Circ.  5I17, 
1950.   nr  Robblns,  W.  R. ,  modlfiad  frcm  Soil  Scl.  62:5,  19lt6.   (M)  Wlthrow,  R.  B. ,  and  Withrow,  A.  P.,  Purdue  Univ.  Agr.  Kip. 
Sta.  Circ.  528,  19I18.   (5)  Shive,  J.  W. ,  and  Robblns,  W.  R.,  H.  J.  Agr.  Exp.  Sta.  Bull.  636,  19ll2.   (6)  Thlmann,  K.  V.,  and 
Edmondson,  Y.  H.,  Arch.  Biochem.  22:55,  19I19.   (7)  Chajmian,  H.  D. ,  Hilgardia  17:619,  19I17.   (8)  Haas,  A.  R.  C,  Hllgardla  6: 
■185,  1952.   (9)  Steinberg,  R.  A.  ,7unpubli«hed  data).  (10)  Stewart,  W.  D. ,  Youden,  W.  J.,  aid  Arthur,  J.  M. ,  Contrib.  Boyce" 
Tho^isao  Inst.  16:   ,  1952. 

Reviewers :  Aldrlch,  D.  G.,  Jr.;  Amon,  D.  I.;  Bear,  F.  E.;  Boynton,  D.;  Earley,  E.  B.;  Riker,  A.  J.;  Robblns,  W.  R.  j 
Shear,  C.  B.;  Shive,  J.  W. ;  Smith,  P.  F.;  Steinberg,  B.  A.;  Thtmann,.X.  7;;  Wlthrow,  A.  P.;  Wlthrow,  R.  B. 
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58.  CULTURE  MEDIA:   ISOLATEB  PLAST  TISSUES 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

Fn  1 

lb,ltb,5b,12b,ll»b. 

19,26,29,50  D 

5a 

lit- 17  I 

b 

17b,l8b,l20b- 

1,5,6,8-11,111,15, 

1,8  J 

[56a-6la] 

50bl,52b,33b,54b 

17,18,26,27,51 

6,9-ll,ll*,17,19, 

Fn  2 

38b,39b,l»lb,U2b 

E  &  Fn  7,19 

19b 

25, 2U  J  i  Fn  15 

l56b-6lbl 

Fn  5 

(U5b-55bl,[62b- 

1,8,26  F 

5Ua 

1,7-11,19,26  K  & 

67b  J, [69b- 75b 1 

6,9-ll,lli-17,19, 

Fn  lU 

76b,  77b,  78b 

1,3,6,8-U,15,17, 

22-25,29  F  & 

1,7-10,12-17,19, 

18,26,^0  B  &  Fn 

Fn  8,20 

5l*b 

25, 2U, 26, 29  L 

U.19 

51b 

3,4,5,8,9,10  G 

U5a,l*lta 

&  Fn  15,16 

15b,  16b 

1,5,6,8,9-11,15, 

18,26  G  t  Fn  9 

li3b,lUib 

1,26  H 

56a 

17,18,21,26,51 

1  H 

ItOa 

6,8,9,10,12-17, 

C  4  Fn  5,19 

[6b-llibl 

6,8-11,19,20,22-21*, 

19,21t,29  M  8c 

1,6,8-10,12,15, 

26,30  H  i  Fn  10, 

Fn  11 

56b 

28  D  &  Fn  6 

3b 

18 

itOb 

22,25  M 

b 

lit- 17  D 

b 

1,8  I 

6,9-11,19,32  I 
&  Fn  11,12 

68a 
68b 

Fn  17 

2b,35b,36b,57b,79b 

Contributors:   (a)  Skoog,  F.  and  Miller,  C.  0.   (b)  White,  P.  R. 

References:   (1)  BaU,  E.,  Growth  14:295,  1950.   (2)  Black,  L.  M.,  Nature  158:56,  1946.   (5)  Caplln,  S.  M.,  and  Steward,  F.  C, 
Science  108:655,  1948.  (4)  Duhamet,  L.,  Com)t.  rend.  Soc.  Biol.  144:59,  1950.  (5)  Dohamet,  L.,  and  Gautheret,  R.  J.,  Con^it. 
rend.  Soc.  Biol.  144:177,  1950.   (6)  Gautheret,  R.  J.,  Compt.  rend.  Soc.  Biol.  120:7,  1959-   (7)  Gautheret,  R.  J.,  Conjit.  rend. 
Acad.  Scl.  208:115^1959.  (8)  Ibid.,  210:186,  1940.  (9)  Ibid.,  212:1098,  1941.  (10)  Ibid.,  215:517.  1941.  (11)  Gautheret, 
R.  J.,  Compt.  rend.  Soc.  Biol.  141:627,  1947.  (12)  Ibid.,  11^:807,  1948.  (15)  Ibid.,  144:172,  1950.  (14)  Ibid.,  144:175, 
1950.  (15)  Hlldebrandt,  A.  C,  Rlker,  A.  J.,  Duggar,  B.  M.,  Am.  J.  Bot.  52:591,  1946.  ~(l6)  Ibid.,  26:74,  1949.  (I7T  Morel, 
G.,  Compt.  rend.  Acad.  Scl.  219:36,  1944.  (18)  Ibid.,  221:78,  1945.  (19)  Ibid.,  225:166,  1946.  (201  Morel,  G.,  Con^t.  rend. 
Soc.  Biol.  128:62,  1944.  (2Trrbld.,  140:269,  1946.  (22T  Ibid.,  141:280,  1947.  T25)  Morel,  G.,  Bull.  Soc.  Bot.,  France  ^: 
98,  1945.  Tilt)  Ntorel,  G.,  and  Wetncre,  R.  H.,  Am.  J.  Bot.  23:158,  1951.   (25)  Ibid.,  28:141,  1951.   (26)  Nlckell,  L.  G., 
Greenfield,  P.,  and  Burkholder,  P.  R.,  Bot.  Gaz.  112:42,  1950.   (27)  Nitsoh,  J.  P.,  Compt.  rend.  Acad.  Scl.  ^:445,  1949. 
(28)  Nitsoh,  J.  P.,  Science  110:499,  1949-  (29)  Hobecourt,  P.,  Coinpt.  rend.  Acad.  Scl.  2Cg:521,  1957.  (30)  Ibid.,  215:376, 

1942.  (31)  Ibid.,  222:817,  19lt6.  (32)  Nobecourt,  P.,  Coii5>t.  rend.  Soc.  Biol.  130:1270,  1959.  (55)  Nobecourt,  P.,  and  Kofler, 
L.,  Compt.  rend.  Acad.  Sci.,  221:55,  1945.  (54)  Skoog,  F.,  and  Tsui,  C,  Am.  J.  Bot.,  22=782,  1948.  (55)  White,  P.  R.,  Am. 

J.  Bot.  26:59,  1959.  (56)  Ibid.,  22:257,  1945.  (57)  White,  P.  R.,  and  Braun,  A.  C,  Cancer  Research  2:597,  1942.  (58) 
Bonner,  J.,  and  Axtman,  G.,  Proc .  Nat.  Acad.  Sci.  23:453,  1937.   (39)  Bonner,  J.,  and  Bonner,  D.,  Proc.  Nat.  Acad.  Sci.  24:70, 
1958.   (40)  Loo,  S.,  and  Wang,  F.  H.,  Science  98:554,  1943.   (41)  van  Overbeek,  J.,  Conklin,  M.  F.,  Blakeslee,  A.  F.,  Science 
94:550,  1941.  (42)  van  Overbeek,  J.,  Conklin,  M.  F.,  Blakeslee,  A.  F.,  Am.  J.  Bot.  22:472,  1941.  (45)  Tueky,  H.  B.,  J. 
Hered.  24:7,  1955.  (44)  Tukey,  H.  B.,  Proc.  Am.  Soc.  Hort.  Scl.  52:515,  1954.  (45)  Bonner,  J.,  Science  82:185,  1957.  (46) 
Bonner,  J.,  Am.  J.  Bot.  25:545,  1958.  (47)  Ibid.,  27:692,  1940.  fi8)  Bonner,  J.,  Plant  Physiol.  1^:555,  1940.  (49)  Bonner, 
J.,  Bull.  Torrey  Bot.  Club  63:150,  1942.  (50)  Ibid. ,  70: l84,  1945.  (51)  Bonner,  J.,  and  Addlcott,  F.,  Bot.  Gal.  99:144,  1938. 
(52)  Bonner,  J.,  and  Devirlan,  P.  S.,  Am.  J.  Bot.  26:^,  1939.   (55)  Boll,  W.  G.,  and  Street,  H.  E.,  New  Phytol.  20:52,  1951. 
(54)  Dormer,  K.  J.,  and  Street,  H.  E.,  Ann.  Bot.  50:199,  1949.   (55)  McClary,  J.  E.,  Proc.  Nat.  Acad.  Scl.  26:581,  1940.   (56) 
Robblns,  W.  J.,  and  Bartley,  M.  A.,  Science  82:2467  1957.   (57)  Robblns,  W.  J.,  and  Bartley,  M.  A.,  Proc.  Nat.  Acad.  Sci.  22: 
585,  1957.  (58)  Robblns,  W.  J.,  and  Schmidt,  M.  B.,  Bot.  Gaz.  22=671>  I958-   (59)  Robblns,  W.  J.,  and  Schmidt,  M.  B.,  Proc. 
Nat.  Acad.  Sci.  2^:1,  1959.   (60)  Robblns,  W.  J.,  and  Schmidt,  M.  B.,  Bull.  Torrey  Bot.  Club  66:195,  1959.   (61)  Robblns,  W. 
J.,  and  Schmidt,  M.  B..  Am.  J.  Bot.  26:149,  1959.  (62)  Slankls,  V.,  Nature  160:645,  1947.  (^)  Slankls,  v.,  Physiol.  Plant- 
arum  1:590,  1948.  (64)  street,  H.  E.,  and  Lowe,  J.  S.,  Ann.  Bot.  55:507,  195O.  (65)  White,  P.  R.,  Plant  Physiol.  2'^^> 
1954.  (66)  Ibid.,  12:805,  1957.  (67)  Ibid.,  12:591,  1938.  (68)  White,  P.  R.,  Am.  J.  Bot.  25:548,  1938.  (69)  Ibid.,  22:33. 

1943.  (70)  White,  P.  R.,  Plant  Physiol.  14:527,  1959.  (71)  Ibid.,  15:549,  1940.  (72)  Ibid.,  15:555,  1940.  (75)  White,  P. 
R.,  Growth  2:55,  1945.   (74)  Ibid.,  2:47,  1945.   (75)  White,  P.  R.,  A  handbook  of  plant  tissue  culture,  Lancaster,  Pa.: 
Jacques  Cattell  Press,  1945.  (76)  Loo,  S.,  Am.  J.  Bot.  22:15,  1945.  (77)  Ibid.,  52:156,  1946.  (78)  Ibid.,  22:295,  1946. 
(79)  White,  P.  R.,  (unpublished). 


Reviewers :  Caplln,  S.  M. ;  Commoner,  B.;  Hlldebrandt,  A.  C. 
H.  B.;  White,  P.  R. 


Miller,  C.  0.;  Morel,  G.  M.;  Robblns,  W.  J.;  Skoog,  F.;  Tukey, 


59.   CULTURE  MEDIA:   FUNGI 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

9,10,12,13,17,21  B 

&  Fn  1 
1,5,7,9,10,11,14, 

19,23,26  C  &  Fn  2 

3a 

2,4,6,10,14,15,21, 

24  D 
5,7-9,11,16,18, 

19  D  &  Fn   5,7 

2d 
c 

3,7,8,10,14,19,20, 

22,24-28  E 
Fn  4 

b 

1,5 

Contributors:  (a)  Jennlson,  M.  W.  (b)  Joslyn,  H.  A.  (c)  Tatum,  E.  L.  (d)  Wolf,  F.  T. 

References:   (1)  Olson,  B.  H.,  and  Johnson,  M.  J.,  J.  Bact.  57:255,  1949.   (2)  Beadle,  G.  W. ,  and  Tatum,  E.  L. ,  Am.  J.  Bot. 
32:678,  1945.   (5)  Jennlson,  M.  W.,  et  al..  Report  No.  8,  Office  of  Naval  Research,  Sept.,  1952.   (4)  Raper,  K.  fl. ,  and 
fEom,  C,  A  manual  of  the  Penicillla,  Baltimore:  William  and  Wilkins  Co.,  1949.  (5)  Joslyn,  M.  A.,  Mycopath.  et  Hircologla 
Appllcata  5:260,  1951 

Reviewers:  Jennlson,  M.  W.;  Joslyn,  M.  A.;  Kaufert,  F. ;  Hachlis,  L. ;  Nlckerson,  W.  J.;  Pelletler,  R.  L. ;  Raper,  K.  B. ; 
Scheffer,  T.  C;  Steinberg,  R.  A.;  Tatum,  E.  L. ;  Wallin,  W.  B.;  Wolf,  F.  T. 
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60.      CTJUrURE  MEDIA:     ALGAE 


Data  Coordinates 
and  Footnotes 


Contributors 
and  References 


Data  Coordinates 
and  Footnotes 


Contributors 
and  References 


Data  Coordinates 
and  Footnotes 


Contributors 
and  References 


U, 11, 16,21,22   B 
&  Fn  1 

15,16,21,25,26  C 

&  Fn  2 
6,11,16,22,25  D 
&  Fn  U,10 


5a,  Im,  5a,  6a 

labc 

2a 


l,lt, lit, 16,21, 25, 21* 

E  &  Fn  5 

2a 

5, 8, 12, 16, 22, 2li,  27 

F  &  Fn  5 

2a,12ac 

1,1*, 14,16,22, 28  G 

&  Fn  5,6 

2a 

6,15,16,20,25  H  & 

Fn  7 
2,3,7,9,10,17-19, 

29-31  B-G  &  Pn  8, 

9 
Fn  3 


7a,  8a,  9a 


13 
10a, 11a 


_L 


Contrlbutore:      (a)  Allen,  M.   B.      (b)  Cook,  W.   H.^  Gorham,   P.  R.,   and  Uelsh,  A.  C.      (c)  Hjrers,   J. 

References:     (l)  Myers,   J.,     Plant     physiol.     22:590,   191*7.     (2)  Allen,  M.  B.,  Arch.  Mlkrob.,   Berl.   12=5''.   1952.      (3)  Kuster, 
E.,  Kultur  der  mlkroorganlsmen.  Leipzig-Berlin:    Teubner,   1821.  (It)  Benecke,  ¥.,   Bot.   Ztg.  56:83,    1898.      (5)   Beljerinck,   M.  W., 
Bot.   Ztg.  k2:>t&,   1890.      (6)  Miquel,   P.,   C.   rend.  Acad.   Scl.   lllt:780,   I892.      (7)   Perrler,   E.,   C.   rend.  Acad.   Scl.   110:1076. 
1890.      (8)  Herbst,   C,   Arch.  Entvmech.  2:61t7,    1897-      (9)   Prlngshelm,   E.   G.,   and  Prlngshelm,   0.,   J.  Ecology  21:57,    19U9.      (10) 
Burk,   D.,   and  Warburg,   0.,   Zschr.   Naturforsch.   6b:12,   1951-      (U)  Emerson,   P.,   J.  Gen.   Physiol.   12:609,   1929.      (12)  Gerloff, 
G.  C,   Fitzgerald,   C.   P.,   and  Skoog,   F.,    In  the  culturing  of  algae,   ed.  by  Brunei,  J.,   Prescott,   G.  W.,   and  Tiffany,   L.  H., 
Yellow  Springs,   Ohio:  Antloch  Press,   1950^     (13)  Krauss.   R.  W..   Algal  culture  from  laboratory  to  pilot  plant,   ed.  by  Burlew, 
J.   S.,  Carnegie  Institution  of  Wash.   Publication  600,   1953-     For  additional  references  for  various   Items   in  the  table 
see:  Bold  H.  C,  Bot.  Rev.  8:69,   191i2. 

Bevievers:     Allen,  M.   B.;  Arthur,  J.   M. ;   Broyer,  T.   C;  Cook,  W.   H.;   French,  C.   S.j  Gerloff,  G.  C;  Krauss,  R.   W. ;   Loehwlng, 
W.  F.;  Myers,  J.;  Nelsh,  A.  C;  Prlngshelm,  E.  G.)  Steinberg,  R.  A.;  Tiffany,  L.  H.;  Trelease,  S.   F.;  Wlthrov,  A.   P. 


61.      orcrURE  MEDIA:      CERTAIII  BACTERIA 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

Fn  1 

la 

27,29,30,52,33,35, 

l*!*, 1*7, 53, 57, 58  C 

7a 

Fn  2 

8b 

37,38,ltl,i*i*-i.8, 

56,60  G 

7c 

Fn  5 

10a 

53,55,57,58,60, 

62-6U,67  G 

7a 

3, 7, 2l(, 25, 27-30 

62  E 

8b 

1,2, '',5,7,9,10, 

32-3't,37,38,1.0, 

l-"*  ,6, 7,9, 10, 

12-15,17-21*  ,26, 

It2,lt6-li9,51,52, 

12-15,17,19-2'*, 

27,29,30,52,33, 

5^,55,57,58,60, 

26,27,29,30  F 

Ua 

35,57,58,1.1, 

61   B 

5a 

31,36  F 

I.C 

Ul*-U8,55,55,57, 

1,2,1.,6,7,9,10, 

32,37-39,U5-l'5, 

50,60,62,67  H  & 

12-15,17-25, 

1*7  F 

l*a 

Fn  1. 

9b 

27-30,32,33, 

1*1,1*6,1*8  F 

l*c 

1-5,7,9,10,12-15, 

37-39, '•1,'tl', 1*6, 

53,55,57,58,60,62, 

17-2't,27,29,30, 

50,53,55,57,58, 

6U,67  F 

Ua 

32,33,35,37,38, 

62,66,68  C  &  Fn 

1,1*, 6, 8, 11  0 

7a 

1*1,1*11-1*8,50,55, 

7 

5a 

2,3,5,9,10,12-15  G 

7c 

55,57,58,60,62, 

l,2,i»,6,7,9,10, 

16,18  G 

7a 

69  I  &  Fn  9 

6b. 

12-15,17-21*  ,27, 

17,19-21  0 

7c 

1-1*  ,6, 7, 9, 10, 

29,30,32,35,37, 

2g-2U  0 

7a 

12-15, 17-21*, 27, 

38, 111, 1*5-1*8, 50, 

26  G 

7c 

29, 30, 52-3'*,  37, 

55,55,57,58,60, 

27,29,30,52-35,37, 

58,1*1,45-1*8,50, 

62,63   D 

la 

58  0 

7a 

53,55,59,62,63, 

1,2,5,6,7,9,10, 

36, 1*1, U5, 1*6  G 

7c 

65,67  J 

2a 

12-15,17-21*   E 

8b 

Contributors:      (a)  Pavcek,   P.   L.      (b)   Schwelgert,  B.   S.      (c)  Short,  M.   S. 

References:      (1)  Henderson,   L.  M. ,   and  Snell,  E.   E. ,  J.    Biol.   Chem.    1^:15,   19'»8.      (2)  Hoffmann,   H.   A.,   and  Pavcek,   P.   L. , 
J.   Am.   Chem.   Soc.   74:5'*'*,   1952.      (5)  Feeney,  R.   E. ,  Garibaldi,  J.  A.,  and  Humphreys,  E.  M. ,  Arch.   Blochem.   17:'*55,   19''8. 
(It)   Shorb,  M.   S.  ,  Proc.   Soc.   Exp.   Biol.   Med.   79:611,   1952.      (5)     Herbst,   E.  J.,   and  Snell,   E.   E. ,  J.   Biol.   Chem.    181:1*7, 
19'*9.      (6)   Steele,   B.   F. ,   et  al.  ,  J.    Biol.   Chem.    177:535,   19''9.      (7)   Shorb,  M.   S.,  Kao,  Y.  T.   K.  ,  and  Scott,  W.   M.  ,   Sym- 
posium on  Hematopoesis,  2nd  International  Congress  of  Blochem.,   Paris,   1952.      (8)  Schwelgert,   B.   S.  ,   et  al.  ,  J.    Biol.    Chem. 
160:1077,   19''9.      (9)  Ibid.,  186:229,  195O.      (10)  Snell,  E.   E. ,  et  al.,  J.  Am.  Chem.  Soc.  72:55''9,   1950. 

Reviewers:      Henderson,   L.   M.;    Pavcek,   P.   L. ;   Schwelgert,  B.   S.;   Shorb,  M.   S. 
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62.   CHKMICAL  ELB4E3rr  COMPOSITION  AMD  NEUTRALIZIHG  ACTION:   INORGANIC  FERTILIZERS 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

Fn  8-16,18,19,21-28 

la 

1, It, 5, 11  H 

la,  2a 

2'', 25, 55, 56  HI 

la 

1,5,7,8,10,11  D 

la,  2a 

7,17,18,20,21,25  HI 

la,  2a 

6, 15-15, 22, 2U, 25, 

2,3,'.,6,9,12,26- 

8,10,52  I 

la, 2a 

55   I  &  Fn  17 

la 

^   D 

la 

2,5,9,12,16,26-51, 

All  other  values 

Calc.   fr  la 

21,25  F 

la,2a 

5't  H  &  Fn  20 

la 

Contributor:  (a)  McVlckar,  M.  H. 

References:  (1)  Ignatleff,  V.,  (editor).  United  Nations  Food  and  Agr.  Organization,  Agricultural  studies  9,  19't9.   (2) 
McVlckar,  M.  H. ,  Using  conimprelal  fertilizers,  Danville,  111.:  Interstate  Printers  aul  Publishers,  1952. 


Revievers :  Bear,  F.  E.;  Clark,  L.  J.;  Collins,  G. 
Turrentlne,  J.  W. 


Jacob,  K.  D. ;  Marshall,  H.  L. ;  McVlckar,  M.  H.;  Sauchelll,  V.; 


65.   CHEMICAL  ELEMEWT  COMPOSITION  AND  NEUTRALIZING  ACTION:   ORGANIC  FERTILIZERS 


Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

Fn  8,9 

la 

1-5,7-19,22-27, 

29  D 

la 

6,21  D 

la,2a 

1-8,10-22,25,27- 

50  HI  &   Fn  10, 

11,12 

la 

All  other  values 

Calc.  from  la 

Contributor:   (a)  McVlckar,  M.  H. 

References:   (1)  Ignatleff,  V.,  (editor).  United  Nations  Food  and  Agr.  Organization,  Agricultural  studies  9,  191*9.   (2) 
McVlckar,  M.  H.,  Using  commercial  fertilizers,  Danville,  111.:   Interstate  Printers  ami  Publishers,  1952. 

Revievers :   Bear,  F.  E.;  Clark,  L.  J.;  Collins,  G.  H. ;  Jacob,  K.  D.;  Marshall,  H.  L.;  McVlckar,  M.  H. ;  Sauchelll,  V.; 
Turrentlne,  J.  W. 


6k.      SOIL  pH  RE(JJIRBffiHTS:   PLAIfTS 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

20,29,36,57,65,66, 

70  B 
16, UO, 59,65,78 ,8U, 

86,90  B&  Fn  lt,5 

2b 
lc,2b 

2,11,16,30,52,116  C 

8,9,12,25,28,51, 
'il,lt2,U5  c 

lc,a 

a 

Fn  1 
Fn  2 
All  other  values 

3 

2b,} 

ic 

Contributors:   (a)  McGeorge,  W.  T.   (b)  Thornton,  M.  K.   (c)  Walker,  P.  B. 

References:   (1)  Spurway,  C.  H. ,  Mich.  Agr.  Exp.  Sta.  Special  Bull.  596,  19U1.   (2)  Thornton,  M.  K. ,  Soli  reaction  preference 
of  some  plants,  Texas  A  S:  M  Agr.  Ext.  Leaflet.   (5)  Food  and  Agricultural  Organization,  Agricultural  studies  9,  19'j9. 

Reviewers:   Jenny,  H.;  McGeorge,  W.  T.;  Pohlman,  G.  C.;  Thornton,  M.  K.;  Walker,  R.  B.;  Wherry,  E.  T. 
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65.   FRCncmATE  CHBOCAL  CCHPOSITION  ASD  ENERGY  VALUES:   FOODSTUFFS  OF  AJCMAL  ORIGIN 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

FnB  a, 3 

1 

30  H 

lac 

54  H 

4ac 

Fn  U 

1 

31  A-H 

1 

55  AB 

Ic 

1,2  AB 

Ic 

32  A-E  G 

1 

55  C-H 

1 

1,2  C-H 

1 

32  F  H 

Ic 

56  AB 

Ic 

5,U  A-H 

Ic 

33  A-H 

4e 

56  C-G 

1 

5  A-H 

1 

54  AB 

Ic 

56,57  H 

Ic 

6  ABC  E-H 

Ic 

34  C-H 

1 

57  AB 

Ic 

6  D 

1 

35  A-H 

X 

37  C-G 

1 

7,8,9  AB 

Ic 

56  C-G 

1 

58,59,60  A-H 

5 

7,8,9  C-H 

1 

36  AB 

Ic 

61  A-H 

5a 

10  A-H 

1 

36,57  B 

lac 

62  A-D 

Ic 

11  AB 

Ic 

57  AB 

Ic 

62  E-H 

1 

11  C-H 

1 

37  C-G 

1 

63  AB 

Ic 

12  A-G 

Ic 

38  AB 

Ic 

65  C-H 

1 

15  H 

labcd 

38  C-G 

1 

64  AB 

Ic 

15  AB 

Ic 

58  H 

lac 

64  C-H 

1 

15  C-H 

1 

59,W  A-H 

1 

65  AB 

Ic 

lU  A-H 

1 

Ul  C-H 

1 

65  C-H 

1 

15  AB 

Ic 

41  AB 

Ic 

66  AB 

Ic 

15,17  C-H 

1 

42  A-H 

2e 

66  C-H 

1 

16  A-H 

1 

45  A-H 

5a,  e 

67  AB 

Ic 

17  AB 

Ic 

44  A  H 

3 

67  C-H 

1 

18,19  A-H 

1 

45  A-H 

4e 

68  A-H 

1 

20  AB 

Ic 

46  A-H 

2 

69  A-F 

Ic 

21,22  A-H 

1 

47  AB 

Ic 

69  GH 

1 

25,21*  A-H 

2 

47  C-H 

1 

70  AB  EF 

Ic 

25  A-H 

le 

48  A-H 

Ue 

70,71  CD  GH 

1 

26  A-F  H 

Ic 

49  A-G 

4e 

72  A-H 

1 

26  G 

1 

49  H 

4a 

75  AB 

Ic 

27  AB 

li<ie,5a 

50  A-H 

2 

75  C-H 

1 

27  C-H 

5a 

51  AB 

Ic 

74  A-H 

1 

28  AB  H 

Ic 

51  C-G 

1 

75  A-H 

5 

28  C-G 

1 

51  H 

lac 

76  A-H 

1 

29  AB 

Ic 

52  AB 

Ic 

77  c-a 

1 

29  C-H 

1 

52  C-H 

1 

77  AB 

Xc 

JO  AB 

Ic 

53  A-H 

1 

79  A-H 

1 

50  C-G 

1 

54  A-G 

4e 

80  A-H 

2e 

ContrlbutorB:   (a)  Blnkerd,  E.  F.  (b)  Bray,  R.  W.   (c)  Ives,  M.  (d)  Kochaklan,  C.  D.   (e)  tfooster,  H.  A.,  Jr. 

References:   (1)  Watt,  B.  K.,  and  Merrill,  A.  L. ,  U.  S.  Dept.  A«r.  Handbook  8,  1950.   (2)  Wooster  H.  A.,  Jr.,  and  Blanck,  F.C.  , 
Nutrition  data,  Pittsburgh:  H.  J.  Heinz  Co.,  1950.   (5)  Leung,  W.  W.,  Pecot,  R.  K. ,  and  Watt,  B.  K. ,  U.  S.  Dept.  Agr.  Hand- 
book 54,  1952.   (4)  Table  of  food  values  reccaanended  for  use  Id  Canada,  Department  of  National  Health  and  Welfare,  Ottawa, 
1951.   (5)  Chatfleld,  C,  and  Adams,  G. ,  U.  S.  Dept.  Agr.  Circ.  549. 


Rerlevers:   Blnkerd,  E.  F.;  Bray,  R.  W.;  Chatfleld,  C;  Ives,  M.;  Kochaklan,  C. 
WooBter,  H.  A. ,  Jr. 


Shlnn,  B.  M. ;  Tyinlk,  W.;  Watt,  B.  K.; 


66.  MIHEBAL  AND  VIXAMIH  COMPOSITION:   FOODSTUFFS  OF  AITIMAL  ORIGIH 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1,2  B-I 

1,5 

54-57  B-I 

1,2 

56-61,66,67,69,70 

Fn  5-8,    10 

3 

41-45  B-I 

2 

B-I 

1,2 

7,9  B-I 

1.3 

44,46  B-I 

5 

68  B 

2 

12,16-18  B-I 

1,2 

47  B-I 

1.2 

68  C-I 

1,2 

25,24  B-I 

5 

50  B-I 

3 

71  B-I 

2 

25,27,29,51  B-I 

1.2 

51->52  B-I 

1.2 

75  B-I 

5 

32  B-I 

2 

55-55  B-I 

2 

All  other  values 

1 

Data  contributed  and  adapted  from  (l)  Watt,  B.  K.,  and  Merrill,  A.  L.,  U.  S.  Dept.  Agr.  Handbook  8,  1950;   (2)  Leung,  W. 
W.,  Pecot,  B.  K.,  and  Watt,  B.  K.,  U.  S.  Dept.  Agr.  Handbook  54,  1952;  and  (5)  Wooster,  H.  A.,  Jr.,  and  Blanck,  F.C,  Nu- 
trltlonal  data,  Pittsburgh:  H.  J.  Heinz  Co.,  1950. 

Revlevers:  Blnkerd,  E.  F.;  Bray,  R.  W.;  Ives,  M. ;  Kochaklan,  C.  D.;  Shlnn,  B.  M. ;  Watt,  B.  K. ;  Wooster,  H.  A.,  Jr. 
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67.   CHEMICAL  COMPOSITION  OF  MILK 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

6  B-D  G-I 
13  B  F  H  J 
U  B-G  I 
33  B-D  0  I 

2a, 3a, 4a, 5a 
Calc  f r  1  by  a 
Calo  fr  1 
5a 

35  G 

36  B-E  G 

43  C  E  G  I  K 

5a 
5a 

5a 

44  B-I 

Fn  5 

All  others 

5a 
6a,  7a 

1 

Contributor:   (a)  Hoobler,  I.  H. 

References:   (1)  The  composition  of  mlLks,  Bull,  of  the  National  Research  Council,  251*,  Jan,  1955.   (2)  Duncan,  C.  W.,  et  al., 
J.  Dairy  Scl.  25:128,  1952.  (5)  Miller,  S.,  et  al.,  J.  Nutrition  1^0:1*99,  1950.  Ik)   Miller,  S.,  and  Ruttinger,  V.,  Proc  Soc. 
Exp.  Biol.  Med.  ^7:96,  1951.  (5)  Children's  Fund  of  Michigan,  Research  Laboratory  (unpublished  data).  (6)  Lesher,  M.,  Brody, 
J.  K.,  Williams,  H.  H.,  and  Macy,  I.  G.,  Am.  J.  Dls.  Children  70:182,  1945.   (7)  Lesher,  M.,  et  al.,  J.  Am.  Dietetic  Assoc. 
22:211,  19't7. 

Revlevers :  Block,  R.  J.;  Burke,  B.  S.;  Henderson,  L.  M.;  Hoobler,  I.  H.;  Stearns,  G.;  Stuart,  H.  C;  Weiss,  K. 


68.   PROXIMATE  CHEMICAL  COMPOSITION  AMD  ENERGY  VALUES:   FOODSTUFFS  OF  PLANT  ORIGIN 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

Fn  3,U,5 

7b 

50  F 

3a, 7a 

41,45  J 

la, 2a, 5a, 5a, 6a, 7a 

Fn  6 

a 

3  G 

la,2a,7ab 

56  J 

la, 2a, 5a, 6a, 7a 

92  BC 

8 

11,15,17  G 

la,2a,5a,6a,7ab 

60,69,73  J 

la, 2a, 5a, 6a, 7a 

It, 12, 15, 15,17, 22, 

12  G 

la, 2a, 3a, 5a, 6a, 

62,64,75  J 

la, 2a, 6a, 7a 

23,'»8,l<9,5},61t, 

7ab 

77  J 

la, 5a, 4a, 6a, 7a 

74,77-80,85-85, 

16  G 

la, 2a, 5a, 4a, 5a, 

91  J 

la,2a,5a,6a,7a 

87,91,93  c 

7ab 

6a,7ab 

1-4,6,8,11-13, 

2,3,5,19,21,2't, 

20  G 

la,2a,5a,7ab 

15-18  K 

la,2a,7ab 

26  D 

3a, 4a, 7a 

31,42  G 

la,2a,6a,7ab 

19  K 

2a,7ab 

29,31,3^  D 

3a, 7a 

37  G 

la,2a,5a,6a,7ab 

21,25,24,26,29-32, 

32,37,39,'»2,li7,56, 

'*3,57  G 

la,2a,3a,7ab 

34-56,38  K 

la,2a,7ab 

57,59,61,63,67, 

48  G 

2a,3a,7ab 

39  K 

la,7ab 

68,89  D 

3a, 4a, 7a 

51,53,56,58,65, 

41,42,45,47  K 

la,2a,7ab 

51,65, 72,9't  D 

5a,  7a 

68,72,84  G 

la,2a,3a,6a,7ah 

'•3,'*9,50  K 

2a,7ab 

90  D 

3a, 5a, 7a 

62  G 

la,2a,3a,4a,5a. 

51,55,56-59,61, 

13,15,17  E 

la,2a,5a,6a,7ab 

6a,7ab 

65-65,67-69, 

30  E 

la, 2a, 3a, 4a, 5a, 

88  G 

la,2a,6a,7ab 

71,72,76  K 

la,2a,7ab 

6a,7ab 

90,94  0 

la,2a,3a,6a,7ab 

77  K 

la,7ab 

U3  E 

7ab 

92  G 

8 

78,85-85,87-90,K 

la,2a,7ab 

U5  E 

la,2a,3B,5a,6a,7ab 

2,16  H 

la,2a,3a,6a,7a 

80  K 

7ab 

l»8  E 

2a,3a,7ab 

19,23  H 

la,2a,5a,5a,6a,7a 

92  K 

la,  2a 

81»  E 

la,2a,3a,6a,7ab 

62  H 

la, 2a, 3a, 4a, 5a, 6a 

95,9'*  K 

la,2a,7ab 

92  E 

8 

65,71  H 

la, 2a, 5a, 6a, 7a 

1,3,8,12-18  L 

2a,7ab 

1  F 

la,2a,3a,4a 

5  I 

la,2a,6a,7ab 

11,19,24,27  L 

7ab 

3,16,19  F 

la,2a,3a,4a,5a. 

80  I 

7ab 

20-22,29-38  L 

2a,7ab 

6a,7a 

i  J 

la, 2a, 6a, 7a 

39,56  L 

7ab 

U  F 

la, 2a, 3a, 5a, 6a, 7a 

4  J 

la,2a,5a,6a,7a 

40,42,43,45-47, 

5.6  F 

la, 2a, 3a, 4a, 6a, 7a 

5  J 

la, 2a, 3a, 6a, 7a 

49-51,53-55,57- 

7  F 

3a,6a 

U  J 

la, 3a, 7a 

65,67-69,71-73, 

26  F 

la,2a,3a,4a,5a,7a 

19,20,23  J 

la, 2a, 5a, 6a, 7a 

75,76  L 

2a,7ab 

32,33  F 

la, 2a, 3a, 4a, 5a, 

22  J 

2a, 3a, 6a, 7a 

77,80,81  L 

7ab 

6a,7a 

26  J 

la, 2a, 3a, 5a, 7a 

78,79,83-90,93  L 

2a,7ab 

36  F 

la,2a,3a,4a,6a,7a 

29,3^  J 

la,2a,3a,6a,7a 

92  L 

2a 

46,62,67,73  F 

la, 2a, 3a, 4a, 5a, 
6a,  7a 

55,''0  J 

la, 2a, 6a, 7a 

All  other  values 

7b 

Contributors:   (a)  Lucas,  E.  H.   (to)  Watt,  B.  K. ,  and  Merrill,  A.  L, 

References:   (1)  Chaney,  H.  S. ,  and  Ahlbom,  M. ,  Nutrition,  Boston:  Houghton-Mifflin  Co.,  1943.   (2)  H.  J.  Heinz  Co.,  Nutri- 
tional charts,  Pittsburgh:  H.  J.  Heinz  Co.,  1940.   (3)  Mattlce,  M.  R. ,  Bridges'  food  and  beverage  analyses,  Philadelphia: 
Lea  &  Feblger,  195O.  (4)  McCance,  R.  A.,  and  Widdovson,  E.  M. ,  Chemical  composition  of  foods,  London:  Medical  Research 
Council,  1946.   (5)  Mottram,  V.  R. ,  and  Radloff,  E.  M. ,  Food  tables,' London:  Edward  Arnold  &  Co.,  1957.   (6)  Sherman,  H.  C, 
and  Lanford,  C.  S. ,  Essentials  of  nutrition,  New  York:  Macmillan  Co.,  1945.   (7)  Watt,  B.  K.,  and  Merrill,  A.  L. ,  U.  S.  Dept. 
Agr.  Handbook  8,  1950.   (b)  Wooster,  H.  A.,  Jr.,  and  Blanck,  F.  C,  Nutritional  data,  Pittsburgh:  H.  J.  Heinz  Co.,  1950. 

Revieyere:  Abersold,  J.  N.;  Benedict,  H.  M.;  Blanck,  F.  C;  Conn.  H.  J.;  Lucas,  E.  H.;  Merrill,  A.  L.;  Meyer,  B.  S.; 
Hrak,  E.  M.;  Hestler,  R.  B.;  Nlelson,  J.  R.;  Fhipard,  E.  F. ;  Plgman,  W. ;  Sherman,  G.  D.;  Smock,  R.  M.;  Somers,  G.  F.;  Vamer, 
J.  E.;  Watt,  B.  K.;  Uolfrcn,  M.  L.;  Wooster,  H.  A.,  Jr. 
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69.   MINERAL  COMPOSITION:   FOODSTUFFS  OF  PLANT  ORIGIN 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors. 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1-91,93-95  B 

8d 

47  E 

10f,llf 

JJ*  I 

Ic, 2c, 5c, 1*0, 7c, 8c 

92  B 

12 

52,55,59,63,69, 

57  I 

5a 

2,3,6,1-i  C 

lo, 2c, 3c, 4c, 5c, Co, 

78,89  E 

lOf 

39  I 

lo,2c,3c,4c,5c,6e. 

7c,  8c 

83  E 

lOf.llf 

70, 80 

12,1:)   C 

Ic, 2c, 3c, 4c, 7c, 8c 

87,91  E 

llf 

43  I 

lo, 3c, 4c, 7c, 8c 

20  C 

Ic, 2c, 30, 4c, 6c, 70, 

93  E 

lOf 

45  1 

lo,2o,3o, 4c, 70,80 

8c 

1  F 

Sao 

47  I 

Ic, 2c, 3o,4o, 50,60, 

26  C 

2o, 3c, 60, 7c, 8c 

2,3,6  F 

lo, 3c, 4c, So 

7c,  8c 

27  C 

lc,4c,5c,6o,7o,8c 

2,3,6  F 

Sa 

SO  I 

lo, 2c, 4c, 50,^, 7c, 

29  C 

lc,2o,3c,4c,7o,8o 

4  F 

lo,3c,4o 

80 

30-32  C 

lc,2c,3c,4o,5c,6c. 

5  F 

lc,3c,5c,13e 

S3  I 

lc,2c,3o,4c,7c,8c 

7o,8o 

7  F 

lc,4c,5a 

56,58,59,63,68, 

Ic ,2c, 3c, 4c, So, 60, 

3-4  C 

lc,2o,3c,4c,7o,8c 

8  F 

3a 

71,72  I 

7o,8c 

37,41,47  C 

lc,2c,3c,4o,5c,6o, 

9,12,13,15  F 

lc,3o,4c 

78  I 

lo, 2c, 40, So, 6c, 70, 

7c,  8c 

14  F 

lo,3c,4o,5ao 

8c 

45  C 

lc,2o,3c,4c,7o,8c 

16  F 

lc,2c,3o,4c,5ac 

80  I 

lo,4o,Sc,7c,8c 

48  C 

lc,3c,4o,8c 

18-20,23,24  F 

lc,3c,4c 

83  I 

lo,2c,3o,4c,7c,8o 

49  C 

lo,3c,4o,7o,8c 

21  F 

lc,3o,4o,Sao 

86,90  I 

lc,2c,3o,4c,Sc,6o, 

56,58,59  C 

lo, 2c, 3c, 4c, 5c, 6c, 

26  F 

3o,5a 

7o,8c 

70, 80 

27  F 

lo,4c,Sao 

88  I 

Ic, 2c, 3c, 4c, Sac, 

57  C 

lo, 2c, 5c, 80 

29  F 

30, 40 

7c,  8c 

65  C 

lc,2c,3c,4o,7o,8c 

30-32  F 

lo,3o,4c,Sc 

1,7  J 

So 

63,67-69,71,72, 

lc,2o,3o,4c,5c,6c. 

31,32  F 

5a 

2-6  J 

So,13e 

75  C 

7c,  80 

33  F 

lo,4c,5c 

12,15:15,25  J 

15e;5b 

80  C 

lo, 4c, 5c, 8c 

34  F 

lo,3o,4c 

lit, 16,21, 24  J 

5c,13e 

86,89,93  C 

lo,2o,3c,4c,5o,6o. 

35  F 

lc,3o,4c 

18,26  J 

5b 

7c,  8c 

36,37,40,42,46,47  1 

Ic, 3c, 4c, Sao 

27, 30-33, 39-42,46J 

5c 

91  C 

lc,2c,3c,4o,7c,8c 

39  F 

lc,4c,Sac 

29,35-37,45  J 

13e 

1  D 

5ac 

43,45,49  F 

3b 

47,56,58  J 

5c,13o 

2  D 

lc,4c,5ao,139 

46  F 

9b 

49  J 

3b 

3  D 

lc,4c,5c 

48  F 

3o 

S0,S7,59,60,62,63J 

So 

4  D 

lo,4o,13e 

SOF 

lo,4o 

51,52  J 

Sab 

5  D 

lc,5c,13o 

52,56,57,61  F 

Sa 

53  J 

9b 

6  D 

lc,4c,5ac 

53,60  F 

lo,3o,4o 

61,67-69,71  J 

Sc.Ue 

7  D 

5a 

56-59,61  F 

lc,3o,4o,5c 

64,77  J 

13e 

8,9,11,15  D 

lo,4c 

62  F 

3c,4c,5e 

65,66  J 

3b 

12  D 

lo,4o,13e 

63  F 

lc,3c,4c,5o 

72,75,86,88-90  J 

5c 

14,16  D 

lc,4c,5ao 

64,65  F 

lc,3c,4c 

73,78,80,93  J 

5c,13e 

18-20  D 

lc,4c 

66  F 

3b 

83  J 

13e 

23  D 

lo,4o,13e 

67-69,71-73,75  F 

lo, 3c, 4c,  So 

84,85,87,94  J 

5b 

21,24,27,31-33  D 

lc,4c,5o 

67-69,71,72  F 

5a 

1,2,4,6,7,9,12  K 

lc,4c 

24,27,31,32  D 

5a 

77  F 

lc,4c 

5  K 

9b 

26  D 

5ab 

78  F 

lc,4o,So 

15,1U,15  K 

lc,Uc 

29  D 

4o 

79,84,87  F 

lc,3o,4c 

16,18,19  K 

Ic.Uc 

30  D 

lc,4c,5c,13e 

83,85  F 

3o,4c 

20,21  K 

lc,Uc 

34  D 

lo,4o 

36  F 

lc,4c,Sac 

25, 2"., 27  K 

lc,Uc 

35-39  D 

lo,4c,5o 

88,89  F 

Ic, 3c, 4c, Sao 

2-)  K 

Uc 

36,37,39  D 

5a 

90  F 

3o,4c,5ac 

50,51,52  K 

Ic.Uc 

40  D 

lc,5ao 

91,94  F 

lc,3c,4c 

51.-57  K 

lc,Uc 

42,46  D 

lc,4c,5o 

93  F 

lo,3o,4c,Sc 

40  K 

4c 

45  D 

13e 

4  G 

lc,4c 

41,42,45,46  K 

lc,4c 

42,46,47  D 

5a 

6  G 

lc,4c 

47  K 

lo 

47  D 

Ic, 3c, 4c, 5c 

7  G 

4c 

50,53,56-61  K 

lc,4c 

48-50  D 

lc,4o 

20,24,29,30,35,42, 

62  K 

4c 

52  D 

5a 

68,69,73,77,78, 

63-65,67-69,71-73, 

56  D 

lo ,  4c ,  Sao 

89  G 

lo,4c 

75,77-79,83,84, 

58-60  D 

lc,4c,5c 

26  G 

Sb 

86-89,91-94  K 

lc,4o 

61  D 

lc,4o,5'c,13e 

41,51  G 

9b 

85,90  K 

4c 

57  D 

5ac 

1-76  H 

8d 

1-91,93-95  L 

8d 

62,64-66  D 

lo,4c 

77  H 

lc,2c,4c,6c,7o,8od 

2,3  M 

lo,2o,3c,4o,5ac. 

62,63,65  D 

130 

78-91,93-95  H 

8d 

6c,7o,8c 

6?  D 

lo,4c,5o 

92  H 

lc,2o,3o,4c 

5,14  M 

lc,2c,3o,4c,So, 

67,69,71,72  c 

lo,^c,5ac 

3  I 

lo, 2c, 4c, So, 6c, 7c, 

7c,  8c 

68  D 

4o,5c 

8c 

13,15,19  M 

lc,2c,3o,4o,7o,8c 

73,79,80  D 

lc,4c 

4  I 

lc,2c,3o,l>c,7c. 

20  M 

lc,2c,3o,4c,6o,7c. 

75,78  D 

lc,4c,5c 

80 

80 

77,80,83  D 

13e 

S  I 

lo,2c,3c,4o,5o,7o. 

21  M 

lc,2c,3c,4o,5c,6c. 

83  D 

4o 

80 

7o,8o 

86,88,89  D 

lo,4c,5ac 

6  I 

lc,2c,3o,4o,Sc,6o, 

24  U 

lo, 2c, 3c, 4c, Sac, 

87  D 

13e 

7c,  80 

60 ,  7o ,  8c 

87,91  D 

lc,4o 

8,12,13,15  I 

lo,2o,3o,4c,7c,8c 

26  U 

2c, 3c, Sa, 6c, 7c, 80 

90  D 

Sao 

14,16  I 

lo,2c,3c,4c,5o,6o. 

31-33,35,37,41, 

lc,2c,3o,4o,5o,6c. 

93  D 

lo,4c,5o 

7o,8c 

42  U 

7c,  8c 

94  D 

lo,4c 

18,19  I 

lc,2o,3c,4c,7o,8o 

31,32,37,42  M 

Sa 

3  E 

lOf 

20  I 

lo,2c,3c,4c,6o,7o 

43  M 

lc,3c,4o,7c,8c 

11-13  E 

llf 

21  I 

lc,2c,3c,4o,5c,6c. 

45  M 

lc,2c,3c,4c,7o,8o 

19  E 

lOf.llf 

7o,8c 

46,47,50  M 

lc,2c,3o,4c,Sac, 

21,26,31  E 

lOf 

23  I 

lo,2c,3c,4o,7c,8c 

60 ,  7o ,  80 

29  E 

10f,llf 

27  I 

lo,4o,5c,6o,7c,8o 

57  M 

2o,Sao,8o 

39  E 

lOf 

30,33,35,37  I 

lc,2o,3c,4c,5c,6o, 
7o,8c 

59,60-63  M 

lc,2c,3c,4c,5c,6c, 

7o,8c 
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69.  UIHERAL  C3JP06ITI0N:   FOODSTWFS  OF  PLAKT  ORIGIN  (Concluded) 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

61  M 

5a 

64-66  N 

4c 

5  P 

lc,4c,5c,12o 
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70.   VITAMIN  CCMPCSITION:   FOODSTUFFS  OF  PLANT  ORIGIN 
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71.   PROXIMATE  CHaOCAL  COMPOSITION  AMD  EBEROY  VALUES:  TROPICAL  AMD  SUBTROPICAL  FRUITS 
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Phipard,  E.  F. ,  Ruehle,  G.  D. ,  Stahl,  A.  L.,  Watt,  B.  K. 


72.   RELATIVE  PRODUCTION  OF  NUTRIOn'S:   FOODSTUFFS  OF  PLANT  ORIGIN 
Reference;  Data  contributed  by  Chrletensen,  R.  P.,  from  Christensen,  B.  P.,  U.  S.  Dept.  Agr.  Tech.  Bull.  963,  1948. 

Reviewers;   Bradley,  W.  B.;  Christensen,  R.  P.;  Frey,  C.  N.;  Ives,  M.;  Kochaklan,  C.  D.:  Nelson,  E.  M.;  Proctor,  B.  E 
Watt,  B.  K.;  Welle,  S. 


7J.   AMINO  ACID  COMPOSITIOR:   CEBTAIH  PROTEIH  POODS 

Contributor:   (a)  Cole,  W.  B. 

Reference:   (1)  Adapted  from  a  Report  on  cooperative  detemlnatlone  of  the  amino  acid  content,  and  of  the  nutritive  value  of 
six  selected  protein  food  eourcea.  Bureau  of  Biological  Research,  Rutgers  University,  New  Brunswick,  New  Jersey,  I95O. 

Reviewers:  Cole,  W.  H.;  Harte,  R.  A.;  Howe,  E.  E. 
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7k.      PROXIMATE  CHEMICAL  COMPOSITION,  ENERGY  VALUES  AHD  DIGESTIBLE  NUTRIESTS:   FEEDSTUFFS  OF  AHIMAL  ORIGIN 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

Fn  5,6,7 

b 

8  I  M 

3o 

17  D-I 

lb,  3c 

1  B-I  M 

lb 

9,11,12  B-I  U 

17  M  4  Fn  35 

lb 

2  B-H 

2b,  3c 

4  Fn  24 

2b 

18  B-I  U  &  Fn  37 

2b 

2  I  M 

3c 

Fn  23 

5d 

2,3,5,8,10,13,14, 

3  BC   I  M 

3c 

10  B-I  U 

2b, 3c 

17  JKL 

Calc.   fr  3  by  a 

3  D-H 

2b, 3c 

13  B-H 

lb,  3c 

Fn  11,21 

a 

4  B-H  M  &  Fn   12 

lb 

13  I  M 

3c 

Fn  8,9,10,13-15, 

5   B-I 

2b,  3c 

14  B-I  M 

2b,  3c 

17,22,26-31 

Calc.   fr  4d 

5  M 

3c 

Fn  32 

2b 

1-18  N 

Calc.   fr  Fn  6  by  a 

6,7  B-I  M  4  Fn  18 

2b 

Fn  33 

5d 

1-18  0  &  Fn  12,20, 

Fn  16,19 

5d 

15,16  B-I  U 

lb 

25,34,36,38 

Calc.   fr  Fn  7  by  a 

8  B-H 

2b,  3c 

17  BC   I 

3c 

Contributors:   (a)  Miller,  D.  F. ,  (b)  Norrls,  L.  C,  (c)  Schneider,  B.  H.,  (d)  Tillman,  A.  D. 

References:   (1)  Morrison,  F.  B.,  Feeds  and  feeding.  Ithaca,  N.  Y.:  Morrison  Publishing  Co.,  1948.   (2)  Coannittee  on  Feed 
Composition,  as  published  In  various  pamphlets  on  nutrient  allowances  for  danestlc  animals.  National  Research  Council,  Wash- 
ington, D.  C,  1949-51.   (3)  Schneider,  B.  H.,  Feeds  of  the  world .  their  digestibility  and  composition.  Uorgantown,  w!  Va.- 
Univ.  W.  Va.  Press,  1947.   (4)  Fraps,  G.  S.,  Texas  Agr.  Exp.  Sta.  Bull.  663,  194^.  (5)   U.  S.  Dept.  Agr.  Yearbook,  1939. 

Reviewers :  Beeson,  K.  C.j  Bopst,  L.  E.;  Boucher,  R.  v.;  Carroll,  W.  E.;  Ellis,  N.  R.;  Gnnmer,  R.  H. ;  Hoire,  P.  E.,  Hufftsan, 
C.F.;  Johnson,  B.  C;  Lavton,  A.  H.  j  Lucaa,  H.  L.;  Miller,  D.  F.;  MorrlBOn,  F.  B. ;  Nelson,  E.  M.;  Ilevens,  W.  B.;  Norrls,  L.  C. 
Schneider,  B.  H.;  Terrlll,  S.  W.;  Tlllm.n,  a.  D.;  WoddeU,  J.  »....•    '■o, 


75.   MINERAL  AND  VITAMIN  COMPOSITION:   FEEDSTUFFS  OF  ANIMAL  OlIGIN 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1   B-F  H-K 

2a 

8  B-F  H  JK 

lb 

14  B-F  H-K 

2b 

2,4  B-F  HIJ 

2a 

9  B-F  J 

lb 

15  B  F 

b 

3  B-F  H-K 

lb 

9  HI  K 

la 

16  B  F  K 

2a 

5  B  EF  HIJ 

2a 

10  B  EF  H  JK 

lb 

16  CUE  HIJ 

2b 

6  B  F   IJ 

2b 

11   B-F  H-K 

lb 

17  B-F  H-K 

2a 

6  CDE 

2a 

12   B  EF  HIJ 

lb 

17  CDE 

2b 

7  B  F 

b 

13   B  E-K 

b 

18  B-F  H-K 

It 

Contributors:   (a)  Miller,  D.  F.   (b)  Norris,  L.  C. 

References:  (1)  Committee  on  Feed  Composition  19'*9-51,  as  published  in  various  pamphlets  on  nutrient  allowances  for  domes- 
tic animals,  National  Research  Council,  Washington,  D.  C.  (2)  Coonittee  on  Feed  Composition,  Composition  of  feeds,  supple- 
ment to  report  1,  National  Research  Council,  Washington,  D.  C,  19U7. 

Reviewers :   Beeson,  K.  C;  Bopst,  L.  E.i  Boucher,  R.  V.;  Carroll,  W.  E.;  Ellis,  N.  R.;  Orumier,  R.  H.;  Howe,  P.  E.;  Huffaan, 

C.  F.;  Johnson,  B.  C;  Lawton,  A.  H. ;  Lucas,  H.  L. ;  Miller,  D.  F.j  Morrison,  F.  B.;  Nelson,  E.  M. ;  Nevens,  W.  B.|  Norrls,  L.  C; 

Schneider,  B.  H. ;  Terrlll,  3.  W.;  Tillman,  A.  D. ;  Waddell,  J. 
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76.   PROXIMATE  CHBOCAL  COMPOSITIOH,  EHERGY  VALUES  AHD  DIGESTIBLE  HOTRIEIfrS:   FEEDSTUFFS  OF  PLAITT  ORIGIH 


Data  Coordinales 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1   B-H 

lb 

25,27  B-H 

lb, 3c 

60,62-64,66,68,69 

2   B-H 

lb,  3c 

25,27  I  U 

3c 

B-I  M 

lb 

2   I  M 

3c 

Fn  30,44 

lb 

70,71,77,81  B-I  U 

3c 

Fn  8 

lb 

28  B-I 

lb,3e 

72-76,78,80  B-I  M 

2b 

3  B-H 

lb 

28  U 

3c 

2,6,8,9,14-16, 

4,5  B-I  M  &  Fn  1* 

lb 

29,30  B-H 

lb,  3c 

21-30,33,36-39, 

6  B-I 

lb,  3c 

Fn  23 

lb 

41,43,44,50-52, 

6  U 

Calo.   fr  3  by  a 

29  I  U 

3o 

55,58,59,61-63, 

7  B-I  M 

lb 

30  U 

Calc.   fr  3  by  a 

65, 67,68, 70-81JM. 

Calc.   fr  3  by  a 

8,9  B-H 

lb,  3c 

31   B-I  M 

lb 

Fn  25 

a 

8,9   I  U 

3c 

32  B-E  HI  U  &  Fn  54 

lb 

4,5,11,13,20,34, 

10-13  B-I  U  &  Fn  23 

lb 

32  F 

b 

40,45-47,49,54, 

111  B-I  U 

3c 

33  B-I 

lb,3c 

56,57,60,64,66, 

Fn  25 

a 

33  U 

3c 

69  JKL 

Calc.    fr  Id 

15   B-H 

lb, 3c 

34,35  B-I  U  &  Fn  60 

lb 

Fn  10-13,16-22, 

15   I  M 

3c 

36,37,39  B-H 

lb,  3c 

34-37,40-43,46, 

Fn  26 

lb 

36,37,39  I  M 

3c 

47,48-53,56-59, 

16-20  B-I  M  &  Fn 

Fn  66,68 

lb 

62-65 

Calc.   fr  4d 

28,30 

b 

38  B-I  M 

3c      . 

2,4-81  N 

Calc.   fr  Fn  6  by  a 

21-23  B-H 

lb,  3c 

40-42,45-54   B-I  M 

2b 

2,4-81  0  4  Fn  9,15, 

21-23  I  U 

3c 

43,44,55   B-I  U 

3c 

24,27,29,31,33, 

Fn  32,38 

lb 

56-58  B-I  U 

2b 

39,45,55,61,67, 

24,26  B-I  y 

3c 

59,61,65,67  B-I  M 

3c 

69 

Calc.   fr  Fn  7  by  a 

Contributors:   (a)  Miller,  D.  F.,  (b)  Norrls,  L.  C,  (c)  Schneider,  B.  H.,  (d)  Tillman,  A.  D. 

References:   (1)  Morrison,  F.  B. ,  Feeds  and  feeding,  Ithaca,  N.  Y. :  Morrison  Publishing  Co.,  1948.   (2)  Conmittee  on  Feed 
Composition,  as  published  in  various  pamphlets  on  nutrient  allowances  for  domestic  animals.  National  Research  Council,  Wash- 
ington, D.  C,  1949-51.   (3)  Schneider,  B.  H. ,  Feeds  of  the  world,  their  dlRestlblllty  and  composition,  Morgantown,  W.  Va.: 
Univ.  W.  Va.  Press,  1947.   (4)  Frapa,  G.  S.,  Texas  Agr.  Exp.  Sta.  Bull.  663,  1944. 

Revleifers :   Beeson,  K.  C;  Bopst,  L.  E.;  Boucher,  F.  V.;  Carroll,  W.  E.;  EUls,  N.  R.;  Grummer,  R.  H.;  Howe,  P.  E. ;  Huffman, 
C.  F.;  Johnson,  B.  C;  Lawton,  A.  H. ;  Lucas,  H.  L.;  Miller,  D.  F.;  Morrison,  F.  B. ;  Helson,  E.  M.;  Bevens,  W.  B.;  Horris,  L.  C. 
Schneider,  B.  H.;  Terrlll,  S.  W.;  TlUman,  A.  D.;  Waddell,  J. 


77.   MINERAL  AND  VITAMIN  COMPOSITION:   FEEDSTUFFS  OF  PLAWI  ORIGIN 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinales 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1,2  B-K 

2c 

19-22  B-F  H-K 

2c 

53   B   F  G 

Ic 

3  G 

2c 

24  B  F  H-K 

lb 

54  B  D  F 

Ic 

3  J 

2c 

25,27,28  B  F  H-K 

2c 

55  B  D  F 

lb 

4,5  B-F  H-K 

2c 

26  B-F  H  JK 

lb 

56,57  B  DEF 

Ic 

6  B  F 

c 

29  B  K 

2b 

58  B-F 

Ic 

6  CDE  H-K 

3a 

29  C-J 

2c 

59  B  F 

lb 

7  B-F  H-K 

2c 

30  B  F 

4c 

60  B  F  G 

Ic 

8  BF 

c 

30  CDE  H-K 

4b 

61  B-F 

lb 

8  CDE  H-K 

3a 

31  B-F  J 

2c 

62  B  EF  C 

Ic 

9  B-F  H-K 

4b 

32  B  DEF  H-K 

2c 

63  B  F  G 

Ic 

9  CDE  G 

4c 

32  C 

2b 

64  B  DEF 

Ic 

10  F 

c 

33-39  B-F  H-K 

2c 

64  G 

3a 

11  B-K 

2c 

40  B-K 

Ic 

65   B-F 

lb 

12  B  F  H  J  K 

4c 

41  B  F-K 

Ic 

66  B  FGH  JK 

Ic 

12  CDE   I 

4b 

42  B  E-K 

Ic 

67  B-F 

lb 

12  G 

3a 

43  B-F  I 

lb 

68  B   F 

Ic 

U  B-J 

2c 

45  B  EF  H 

Ic 

69  B-F 

Ic 

13  K 

4c 

46  B-F 

Ic 

72  B-G 

Ic 

14  B  F  J 

lb 

46  G 

3a 

73,74  B  FG 

Ic 

15  B-F  H-K 

2c 

47  B  BF 

Ic 

75  B-H 

Ic 

16  B  D 

2c 

48  B  DEF 

Ic 

76  B  F 

Ic 

16  C  E  F  H-K 

4b 

49  B-K 

Ic 

77  B  D  F 

lb 

17  B  EF  H-K 

2c 

50  B-C 

Ic 

78  G 

Ic 

18  B-F  H-K 

2c 

51  B-F 

Ic 

79  F 

Ic 

18  G 

3a 

52   F 

Ic 

80  B  EFC 

Ic 

Contributors :   (a)  Ellis,  N.  R.,  (b)  Miller,  D.  F.,  (c)  Norrls,  L.  C. 

References:   (1)  Morrison,  F.  B.,  Feeds  and  feeding.  Ithaca,  N.  Y. :  Morrison  Publishing  Co.,  1949.  (2)  Committee  of  Feed 
Composition,  as  published  in  various  pamphlets  on  tiitriont  allowances  for  domestic  animals.  National  Research  Council, 
Washington,  D.  C,  1949-51.   (3)  U.  S.  Dept.  Agr.,  Bureau  of  Animal  Industry,  (unpublished  data).   (U)  Conmittee  on  Feed 
Ccapoaltlon,  CompoBltlon  of  feeds,  oupplemo.t  to  report  1,  National  Research  Council,  Washington,  D.  C,  19117. 

RgTlevers:  Beeson,  K.  C;  Bop«t,  L.  E.;  Boucher,  R.V.;  Carroll,  W.  E.;  EUls,  N.  R.;  Gruimer,  R.  H.;  Hove,  Pe.;  Hufnun, 
C.  P.;  Johnson,  B.  C;  Lmrton,  A.  H.|  Lucas,  H.  L. ;  Miller,  D.  F.;  Morrison,  F.  B. ;  Nelson,  E.  M. ;  Neveos,  W.  B. ;  Norris, 
L.  C.}  Schneider,  B.  H.;  Terrlll,  3.  W.;  Tillman,  A.  D. ;  Waddell,  J. 
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78.      STABILITY  ADD  LABILITlf  OF  NUTMENTS 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  B  E  G  &  Fn  2 

lb,  2b 

7  H  &  Fn  16 

Itlb 

U  B-E  G  &  Fn  30,31 

15b, 54b 

1  F  &  Fn  3 

lb,  57b 

8  B-E  G  i  Fn  18,19 

21b, 22b 

15  B 

8b 

1  H 

3b 

8  F  i  Fn  20 

23b 

15  C  E  8c  Fn   33 

7b 

2  H 

58a,  3b 

8,9  H 

lib 

15  D  i  Fn  51* 

8b 

2   B-G  &  Fn  U 

lbc,33bc,3Jtbc 

9  B 

b 

15  F  &  Fn  35 

7b,9(b,10b 

3  B 

19b 

9  C-F  &  Fn  21 

30b 

15  G  &  Fn  36 

b,8b 

3   C-E  &  Fn  5 

20abc 

10  EC  E 

U2b 

15  H 

3b,  lib 

3  EF  H  &  Fn  6 

lib 

10  D  i  Fn  22 

lt3b 

16  B-D  i  Fn  37-39 

4b 

I*  B  D 

b 

10  F 

Wtb 

16  F 

5b 

4  C   &  Fn  7 

31b 

10  G 

55b 

16  G  &  Fn  37-39,  "tl 

4b,  6b 

It  EF 

32b 

U  B-D  G  &  Fn  21* 

12b, 13b, 14b 

16H 

3b 

5  B-D  G  &  Fn  9 

2ltb 

11  EF 

b 

17  BC 

b 

5  EF 

59b 

11  H 

3b,  lib 

17  D  G  8.  Fn  1»2 

45b,  46b 

6  B  &  Fn  U 

35b 

12   B-D  &  Fn  25 

17b 

17  EF  &  Fn  U3 

47b 

6  D  &  Fn  12 

36b 

12  G 

18b 

17  GH  81  Fn  Wt 

48b 

6  E 

36b, 37b, 38b 

02  H 

Ub 

18-25  B  E  GH 

b 

6  F  &  Fn  13 

37b,38b 

13  B  &  Fn  26 

26b 

18-22   C 

b 

6  G 

18b 

13  C   &  Fn  27 

27b 

18-22,24,25  D  & 

6  H 

57b 

13  DE  G  &  Fn  28 

56b,60b,6lb 

Fn  45 

49b,  50b 

7  B  D 

39b 

lU  B  D  F  &  Fn  32 

15b,l6b,5Ub 

23  D 

6ab 

7  C  FG  &  Fn  lJlt,15 

l*Ob 

22,24  F  ft  Fn  46 
26  B-H 

53b 
b 

Contributors:      (a)  Cheldelln,  V.  H.,      (b)  Frleden,  E.,     (c)  Snell,  E.  E. 

Beferences;      (1)  Bosenberg,   H.  E.,   ChemlBtry  and  pluBlolopj  of  the  Tltamlna.  Bew  York:    Intersclence  Pub.,   1945.      (2) 
Aykroyd,  V.  B.,  and  Krishnan,  K.  V.,   Indian  J.  Med.  Res.  25:643,   1938.     (5)  Klvehjen,  C.  A.,  and  Pavcek,  P.  L.,  Mod.  Hosp. 
61:110,   1943.     (4)  Ferrer,  K.  T.  H.,  J.  Proc.  Auetral.  Chem.  Inst.  8:113,   1941.      '5)  Klnnersly,  H.  U.,  et  al.,  Blochom.  J. 
29:701,   1955.     (6)  Beadle,  B.  W.,  at  al.,  J.  Biol.  Chan.   149:359,  559,   19't5.       (7)  Merck  Index.  Merck  &  Co.,   1952,  p.   1002. 
TP)  Williams,  E.  E.,  and  Cheldelin,  V.  H.,  Science  96:22,  19U2.     (9)  Petsrson,  W.  J.,  et  al.,  J.  Am.  Chem.  Soc.  66:662,  1944. 
(10)  Zlogler,  W.  M.,  J.  Am.  Chem.   Soc.  66:1039,   194tT     (11)  Cheldelln,  V.  H.,  Woods,  A.  M.,  and  Williams,  B.  J.,  J.  Nutri- 
tion 26:477,   1945.      (12)  Snell,  E.  E.,  and  VJrlght,  I  .  D.,  J.  Biol.  Chem.  129:675,   1941.     (15)  Steele,  H.  H.,  Cereal  Chem. 
22:4457  1945.     (14)  Krehl,  W.  A.,  et  al.,  J.  Biol.  Chem.  156:1, 13, 19^.      03)  Hochberg,  K.  et  al.,  J.  Biol.  Chen.  155:129, 
1944.     (16)  Ibid.,   148:153,   1943.     (17)  Frost,  D.  v.,   Ind.  Kng.  Chen.,  Anal.  Bd.,   15:506.  1945.     (18)  Bosenberg,   H.  R.,   Chem. 
and  physlologr  of  the  Tltamlns,  Ifev  York:   Interscience  Pub.,   1941.     (19)  Merck  Index.  Merck  &  Co.,   1952,  pl45.   (20)  Brown, 
G.  B.,  and  du  Vlgneaud,  V.,  J.  Biol.  Chem.  141:85,   1941.     (21)  O'Dell,  B.  L.,  and  Hogan,  A.  c,  J.  Biol.  Chen.   149:525, 
1943.      (22)  Daniel,  E.  P.,  and  Kline,  0.  L.,  J.  Biol.  Chem.   170:739,  19'»7.     (25)  Stokstad,  B.  L.  H.  et  al.,  J.  Biol.  Cham. 
167:877,   1947.     (2M  Fautee,  K.  H.,  et  al.,  Proc.  Eoy.  Soc.  London  (B)  126:592.  I9U9.     (25)  Boos,  R.  N.  et  al.,  J.  Am. 
Chem.  Soc.  75:5446,   1951.     (26)  Tandy,  M.,  and  Dicken,  D.  M.,  J.  Biol.  Chen.  146:109.   191*2.     (27)  Thompson,  E.  c,  et  al., 
J.  Biol.  Chem.  148:281,   1943.     (28)  Lewis,  J.  C,  J.  Biol.  Chem.  146:441,   1942.     (29)  Lain>en,  J.  0.,  and  Peterson,  W.  H., 
J.  Biol.  Chom.   153:195,   1944.     (50)  Woolley,  D.  W.,  J.  Biol.  Chem.  140:453,   1941.     (3I)  Luecke,  B.  W.,  and  Pearson,  P.  B., 
J.  Biol.  Chem.   155:507,   19^4.     (32)  Roman,  W.,  Blochom,  Z.  219:218,   1950.     (55)  Arcus,  C.  L.,  and  Zllra,   S.  S.,  Biochem.  J. 
54:61,   1940.     {^T)  Merck  Index.  Merck  8.  Co.,   1952,  pl05.     (35)  Ibid.,  pl004.     (36)  Llebacher.  L.,  Z.  Tieremahr.  Futteroelk 
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1  B 

10a,  lllib 

16-18  G 

20d 

57-65   E 

67a 

2,3  B 

lUb 

19-21  G 

21d 

6lt-69  E 

69ad 

1,2  C 

11a,  lite,  d 

29,50  c 

UOa 

50-53  F 

70a 

3-6  C 

3a,  lite 

51-5U  c 

59d,ltld,lt5d 

511-56  F 

78a 

7,8  C 

12a,  lUc 

29-38  E 

57a,58a,U2a,lt5a, 

50,51  G 

66a 

1-U  D 

8a.lltc 

It6a,lt7a,li8a,lt9a 

52-55  G 

67d 

5-7  D 

6e,7a,l'tc 

59  E 

50a 

70-7lt  C 

92a 

8-10  D 

la,5a,ll»c 

29-32  F 

51a 

75-76  C 

91a 

1-U  E 

2a,9a,13a,lUc 

29-31  G 

Uita 

77,78  C 

8la 

5  E 

Ua.lUc 

32-55  G 

UOae 

79-81  C 

87a, 88e 

6-8  E 

ll»c 

ItO  B 

62a 

82,85  C 

85a,86e 

1-3  F 

5a,lUc 

Itl  B 

60a 

81t,85  C 

9lta 

1-3  C 

Ua,lltc 

It2  B 

5ltb,57b 

86-88  C 

80a 

11  B 

25a, lUc 

It3  B 

57a,6la 

70-83  D 

82a,  8lt  a,  89a,  93a,  95a 

12  B 

29e,ll.c 

Wt  B 

59a,6lb,ll6b 

70-76  E 

79a 

13,1".  B 

23a, lUc 

It5,lt6  B 

115b, 116b 

77  E 

83ae 

15,16  B 

36a,  lite 

U1-U6  B 

65a 

70,71  F 

90e 

17  B 

29e,lUc 

It7-lt9  C 

56a 

89  B 

101a 

18  B 

lltc,21ta 

Itl-Wt  D 

65a, 6Ua 

90  B 

UOa 

11-15  C 

55a,llic 

ltl,lt2  E 

65a 

91,92  B 

lUa 

iU-16  C 

22a, 30a, 32a, lUc 

It3-lt9  E 

55a 

95  B 

112a 

17,18  C 

27a,  28a,  lite 

UI-U3  F 

52a 

91*   B 

102a 

19  C 

15a,llic 

ltlt-U6  F 

55e 

96  B 

115e 

20  C 

3lta,  lUc 

50  B 

71a, 72a 

89-103  C 

99a, 105a, lOlta 

11-16  D 

I8a, lUc 

51  B 

75a 

lOlt-106  C 

112a 

17,18  D 

lUc 

52  B 

a 

107,108  C 

100a 

19  D 

18a,  19a,  lite 

53, 5U  B 

73a 

89-92  D 

96a 

20,21  D 

19a, lUc 

55  B 

77a 

93  D 

106a 

22-25  D 

18a, lUc 

56  B 

68a 

9^,95  D 

97a 

26-28  D 

35a,  lite 

57  B 

65ae 

96-101  D 

109a 

11-15  E 

31a,  lite 

50,51  c 

76a 

89,90  E 

98d 

11,12  F 

17a,  lite 

52  c 

7l.a 

91  E 

105a 

13,1'»  F 

I6a,lltc 

53,5lt  C 

77a 

89,90  F 

107a 

15-21  F 

lite 

50-59  D 

70a 

89,90  G 

108a 

11-15  G 

llic 

50-56  E 

66a 
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89.   THE  VITAMDIS,  THEIR  FUHCTIOHS,  SIGHS  OF  DBFICIHICY  AHD  EXCESS:   MMI  AITO  OTHER  VERTEBRATES 


Vlumin  and 
Column 

References 

Vitamin  and 
Column 

References 

Vitamin  and 
Coltimn 

References 

Vitamin  D  (concluded) 

Niacin  (concluded) 

Col.  A  &  Hn 

1,U,  15,  111,  17, 19 

Col.   B 

5,21,50,50,68,72 

Col.   C 

30,1*1 

20,27,51»,57,39,1'5, 

Col.   C 

5 

'iJi,i.7,U9,55,56,6l, 

Pantothenic  acid 

3,52,68,72 

15,21,50,50,66,68 

66 

67,68,75,7U,78,85, 
81.,86,90,92,95 

Vitamin  E 
Col.  A  &  Hn 

5,U,9.21,30,38,68 

Col.   B 

Col.  B 

21,30,50,69,72 

72 

Col.   C 

Col.  C 

21,50 

Coli.   B 

5,U,21,30,38,68,72 

Pyridoxlne 

Ascorbic  acid 
Col.  A  &  Hn 

21,50,31,33,W),5O, 
58,64,68,72 

Folic  acid 
Col.  A  i  Hn 

5,6,15,21,50,1*5,66 
72,87 

Col.   A  i  Hn 

6,8,10,18,' 5,55, 

57,59,62,65,71, 

75,76,77,80,81 

Col.  B 
Col.  C 

5l,55,U0,58,61.,68 
6U,68 

Col.   B 

3,21, 50,U5, 50,66, 
68,72,87 

Col.   B 

88, 89, 91 
3,21,30,62,66,68, 

Col.   C 

66,87 

72 

Blotin 

Col.  C 

66 

Col.  A  &  He 

50,51,68,72,87 

Inositol 

Col.   B 

3,21,50,68,72 

Col.  A  &  Hn 

50,85,87 

Rlboflavlne 

Col.   B 
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68,72,87;and  con- 

acid 
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5,15,21,50,50,66, 
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Col.  B 
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5, 21,50,68, 72, and 

68 

Col.  B 

15,55,57,1*8,50 
68,72 

contributed  by  h,k 

n,u 

Col.   C 

50 
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91.   FUNCTIONS  OF  ESSEBTIAL  ELEMEIWS:   HIGHER  PLAINS 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1,2  BC 

lib, 6b, Tb, 8b 

21,22  BC 

Ub, 5b, 6b, 7b, 8b, lib 

U},UU  c 

Ub, 5b, 6b, 7b, 8b 

3,^  c 

Ub, 5b, 6b, 7b, 8b 

23  BC 

Ub, 5b, 6b, 7b, 8b, a 

U6  BC 

Ub, 5b, 6b, 7b, 8b, 9b 

3,5  C 

lb 

2U, 25, 28, 31- 35  BC 

Ub, 5b, 6b, 7b, 8b, lib 

U7-52  BC 

Ub, 5b, 6b, 7b, 8b, 9b, a 

6,7  BC 

l*b, 5b, 6b, 7b, 8b, a 

26,27  BC 

Ub, 5b, 6b, 7b, 8b, 

35, 5U  C 

Ub,6b,7b,8b 

8-10  BC 

Ub, 5b, 6b, 7b, 8b 

lib, a 

55,56  C 

Ub, 5b, 6b, 7b, 8b, a 

11-13  BC 

Ub, 5b, 6b, 7b, 8b, 

29,30  BC 

Ub, 5b, 6b, 7b, 8b 

57-59  BC 

Ub, 5b, 6b, 7b, 8b 

10b, lib 

3U   BC 

Ub, 6b, 7b, 8b, lib, a 

60,61  BC 

Ub,6b,7b,8b,a 

ll»   B 

Ub, 6b, 7b, 8b 

35,36  BC 

2b, 6b, 7b 

62,63 

5b, 6b, 7b, 8b, lib 

15-17  BC 

Ub,5b,6b,7b,8b 

37-39  BC 

Ub,5b,6b,7b,8b,a 

Fn  1,3,U,5 

b 

18-20  BC 

Ub,5b,6b,7b,8b, 

UO  C 

8,c 

lib,  a 

Ul  B 

Ub, 5b, 6b, 7b, 8b 

Contributors:   (a)  Carolus,  R.  L.   (b)  Gauch,  H.  G.  (c)  Volk,  H.  J. 
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92.   SIGNS  OF  CHIMICAL  ELEMEOT  DEFICIENCY  AND  EXCESS:  HIGHER  PLANTS 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  B 
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9^.   CORRELATION  BEHVEEN  SOIL  pH  AHD  SIGHS  OF  CHEMICAL  ELMERT  DEFICIENCY 
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Reactions 
and  Footnotes 


Contributors 
and  References 


Reactions 
and  Footnotes 


Contributors 
and  References 


Reactions 
and  Footnotes 


Contributors 
and  References 


Triglycerides  —t 

Di-   and  Mono- 

glycerldes 
Triglycerides  ^— 

Di-  and  Mono- 

glyce rides 
Di-  and  Mono- 

glycerldes  ■  » 

Fatty  Acid; 

Modified   Fatty 

Acid 
Dl-   and  Hono- 

glyce rides  < 

Fatty  Acid; 

lfe>difled  Fatty 

Acid 


lc,12bc,13c,69b 
2c, 3c, 4c, 5c, 76b 

6c 

2c, 30,40, 5c,12b,69b 


Dl-  and  Mono- 

glycerides         ► 

Glycerol 
Dl-  and  Mono- 

glycerldes  < 

Glycerol 
Fatty  Acid;  htodi- 

fled  Fatty 

Acid  — ^  Cho- 

lesteryl  Esters 
Phospholipid        > 

Fatty  Acid; 

Modified  Fatty 

Acid 
Pbospbollpid        » 

a-,  pt-  Glycero- 

phospboryl-cho- 

line 


6c 


2c, 3c, 4c, 5c 


6c, 30b, 71b 


7c 


Phospholipid    p 
G ly ce  ropho sphate 

Phospholipid  < 
Fatty  Acid! 
Modified  Fatty 
Acid 

Pyruvate    ^ 
Acetyl  -~-CoA 

Fatty  Acid;  Modi- 
fled  Fatty 
Acid  —^ 
Fatty  Acld->-CoA 

Fatty  Acid 

-^CoA  4—   Ace- 
tyl-"CoA 

Fatty  Acid 

-<— CoA  —^   Ace- 
tyl-,^CoA 


76f,77f,78f,79f,80f 

8c,9c,10c,Uc 

14c 

15c,  74c 
15c, 74b 

l6c,74b 
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Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

Acetyl -^CoA  ^ 

Pyruvate  — ^ 

B-OH  Butyrate 

5ltc 

Acetoacetate 

l6c,l8c,19c,7Ub 

Lactate 

61tc,65c 

Fn  17 

15c 

Acetyl -^CoA  4 

Pyruvate   < 

Fn  18 

'i5c,8ld,8ad,83d. 

Acetoacetate 

nc,7k\i 

Lactate 

66c 

6kd 

Acetyl  ^^CoA  ^ 

Ketogenic  Amino 

Fn  19 

lt9c,50c 

Krebs  Cycle 

20c, 21c 

Acid  and  Glyco- 

Fn 20 

51c 

Acetyl— CoA  ^ 

genic  Amino 

Fn  21 

59c 

Cholesterol 

22c, 23c, Site 

Acid,   Fn  1 

l46c,l*7c 

Fn  22 

a 

Acetoacetate  ►? 

Triglycerides  Fn  3 

27c, 28c 

Fn  2k 

W*ce,U5ce 

Cholesterol 

25c, 26c 

Fn  It 

68b 

Fn  26 

55c, 56c, 57c 

Cholesterol  ^ 

Fn  8 

33c 

Fn  27 

Iv8c,85d,86d,87d, 

Cholesteryl 

Fn  9 

34c,56b,70be 

88d 

Esters 

29c, }0c, 51c, 32c, 

Fn  12 

35c, 36c, 37c, 73b 

Fn  28 

58c 

72b 

Fn  13 

U2c 

Fn  3"* 

60c 

Pyruvate  ^ 

Fn  Uit 

39c 

Fn  35 

61c 

Krebs  Cycle 

38c 

Fn  15 

UOc,lHc 

Fn  36 

62c, 63c 

Fatty  Acid 

Acetoacetate 

-vCoA  — »  Fatty 

Fn  16 

52c, 53c 

Acid;  Modified 

Fatty  Acid 

l»9c,50c 

Diagram  adapted  from  data  and  diagram  contributed  by  Bloor,  W.  R,,  and  Stadie,  W.  C,  vith  modifications  by  reviewers. 
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Weinman,  E.  0. 
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(73)  Sperry,  W.  M.,  J.  Biol.  Chem.  lllt:125,  1956.   (7'»)  Wagner,  A.,  and  Fogalskl,  L.,  J.  Lab.  Clin.  Med.  W:521i,  1952.   (75) 
Alois!,  M.,  and  Buffa,  P..  Blochem.  J.  42:157,  191*8.   (76)  Zllberschmlt,  D.  B.,  Entenman,  C,  and  Chalkoff,  I.  U.,  J.  Biol. 
Chem.  126:195,  19U8.  (77)  Popjak,  G.,  and  Mulr,  H.,  Blochem.  J.  1*6:105,  1950.  (78)  Komberg,  A.,  and  Pricer,  W.  E.,  J.  Am. 
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E.  M.,  Novelli,  G.D.,  and  Lipmann,  F.,  Nature  121:76,  1953-  (85)  Coon,  M.  J.,  and  Garln,  S.,  J.  Biol.  Chem.  180:1159,  191*9. 
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General  References:  (89)  Fed.  Proc.  12:673,  1953.   (90)  Bloor,  W.  R.,  Biochemistry  of  the  fatty  acids.  Hew  York:  Reinhold 
Pub.  Corpl,  191*3.  (91)  Frazer,  A.  C,  J.  Physiol.  1^:506,  19U5.U*. 

Reviewers:  Anfinsen,  C.  B. ;  Artoo,  C;  Bloor,  W.  R.;  Chalkoff,  I.  L.;  Flock,  E.  V.;  Frazer,  A.  C;  Fruton,  J.  S.;  Gurin,  S.; 
Idler,  D.  R.;  McKlbbln,  J.  M.;  Ochoa,  S.;  Rlttenberg,  D.;  Sperry,  W.  M.;  Stadle,  W.  C;  Van  Bruggen,  J.  T.;  Welnhouse,  S.; 
Weinman,  E.  0.;  Welnstein,  J.  J.;  Wlttcoff,  H. 


105.  METABOLIC  IWERRELATIONSHIPS:  CARBOHYDRATE,  FAT,  AHD  PROTEIM 

Magram  adapted  from  diagrams  contributed  by  (a)  Bonner,  J.  F.;  (b)  Colowlck,  S.  P.;   (c)  Saltman,  P.;   (d)  Van  Bruggen  J  T  ■ 
(e)  Villee,  C.  A. 

Reviewers:   Bishop,  D.  W. ;  Bonner,  J.;  Colowlck,  S.  P.;  Corl,  C.  F.;  Gregory,  F.  G.;  Hellerman,  L.;  Kaplan,  N.  0.;  Long,  C.  N. 
H.;  Saltman,  P.;  Steinberg,  R.  A.;  Van  Bruggen,  J.  T.;  Villee,  C.  A. 


106.   THE  KREBS  CYCLE 
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Reactions 
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Aspartate     4    * 

Aconitase  reaction 

6 

Fn  5 

k 

Oxalacetate 

1 

Oxalsucclnate    — » 

Fn  9 

3 

Q-Ketoglutarate 

7 

Fn  11 

f 

O-Ketoglutarate 

1 

a-Ketoglutarate  — » 

Fn  17 

b 

Pyruvate      p 

Succinate 

8 

Fn  19 

d,f,10 

Acetyl  CoA 

2 

Succinate  — * 

Pn  20 

f 

Oxalacetate  + 

Fumarate 

9 

Acetyl  CoA  — ♦ 

Fximarate  — ^ 

Citrate 

5 

Malate 

6 

The  diagram.  In  general,  has  been  drawn  up  from  schemata  and  coimnents  supplied  by  all  contributors  and  adapted  from  general 
references  11-22. 

Contributors:   (a)  Bishop,  D.  W.   (b)  Bonner,  J.  F.   (c)  Colowlck,  S.  P.   (d)  Corl,  C.  F.   (e)  Roe,  J.  H.   (f)  Villee,  C. 
(g)  Welnstein,  J.  J.  (h)  Welt,  I.  D. 


References:  (1)  Cammarata,  P.,  and  Cohen,  P.  P.,  J.  Biol.  Chem.  187:1*39,  1950.  (2)  Reed,  L.  J.,  Physiol. Rev.  ^-.^itk, 
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(10)  Hager,  L.  P.,  et  ol..  Federation  Proc.  12:215,  1955. 

General  References:  (11)  Krebs,  H.  A.,  Adv.  Enzymol.  2:191,  191*5.  (12)  Dickens,  F.,  in  Sumner  and  Myrback,  The  Enzymes 
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W.  W.,  Metabolic  Maps,  Minneapolis:  Burgesc  Publ.  Co.,  1952,  p90-112.  (21)  Baldwin,  E.,  Dynamic  Aspects  of  Biochemistry 
(2nd  Ed.)  London:  University  of  Cambridge  Press,  1952,  ch.  17.  (22)  Ochoa,  S.,  Physiol.  Rev73l:5t,  1951. 

Reviewers:  Bishop,  D.  W.;  Bonner,  J.  F. ;  Colowlck,  S.  P.;  Gregory,  F.  G.;  Helleman,  L.;  Kaplan,  N.  0.;  Long,  C.  N.  H.;  Roe, 
J.  H.;  Steinberg,  R.  A.;  Thurlow,  J.;  Villee,  C.  A.;  Wainio,  W.  W.;  Welnstein,  J.  J.;  Welt,  I.  D. 
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107.   ACTIVITY  METABOLISM:   MUSCLE 

Contrltiutors:   (a)  Beers,  R.  F.,  Jr.,   (b)  Colowlck,  S.  P.   (c)  Gergely,  J.   (d)  Horecker,  B.  L.   (e)  Korkee,  S.   (f)  Lardy, 
H.  A.  (g)  Slater,  E.  C. 

References:   (l)  Lardy,  H.  A.,  The  biology  of  phosphorus,  Mich.  State  Col.  Press,  E.  Lansing  Mich.,  1952-   (2)  Schmltz,  H., 
Potter,  V.  R.,  and  Hurlbert,  R.  B,,  Cancer  Res.,  lU:5a,  igS**  (for  Fn  4).   (5)  Schmltz,  H.,  Potter,  V.  R.,  Hurlbert,  R.  B., 
and  White,  D.  M.,  ibid  66  (for  Fn  It).  (U)  Burton,  K.,  and  Krebs,  H.  A.,  Biochem.  J.,  2t:9't,  1955  (for  Fn  3). 

Revlevers:  Beers,  R.  F.,  Jr.;  Chance,  B.;  Colowlck,  S.  P.;  Gergely,  J.;  Horecker,  B.  L.;  Kbrkes,  S.;  Lardy,  H.  A.;  Potter, 
V.  B.;  Shemln,  D.;  Slater,  E.  C;  Stem,  J. 


108.   THE  CYTOCHROME  SYSTEM:   MAMMALS 

Contributor!     Walnlo,  W.  W. 

Reviewers:     Ball,  E.  G.;  Chance,  B. ;  Ouanan  Barron,  E.   S.;   Stotz,  E.  H. ;  Walnlo,  W.  W. 


109.    PATHWAYS  OF  I3»H  MBTABOiLiat      MAMWLS 

Contributor;     Goss,   H. 

References:     Walker,  B.    S. ,  Boyd,  W.   C,   and  Aalmar,    I.,  Biochemistry  and  huaaji  netabollBii,  Baltimore;  WUllanB  and  WHklns 

Co.,   1952. 

Reviewers:   bing,  F.  C;  Boyd,  W.  C;  Goss,  H.;  Granlck,  S.;  Guzman  Barron,  E.  S.:  Walker,  B.  S. 


110.   PATHWAYS  OF  CHLOROIBYLL  SYWTHESIS 

Contributors:   (a)  Granlck,  S.  (b)  Porter,  J.  W.   (c)  Shemln,  D. 

References:   (1)  Granlck,  S. ,  Ann.  Rev.  Plant  Physiol.  2:115,  1951.   (2)  Shemln,  D. ,  and  Witteoberg,  J.,  J.  Biol.  Chem. , 
192:315,  1951.   (5)  Shemln,  D. ,  and  Russell,  C.  S. ,  J.  Am.  Chem.  Soc.  75:'*75,  1953. 

Hevlewers!  Aronoff,  S.;  Goodwin,  T.  W.;  Granlck,  S.;  ^rter,  J.  W.;  Shemln,  D.;  Wittenberg,  J.  B. 


111.  THE  NITROGEN  CYCLE  HI  NATURE 
Reference:  Diagram  adapted  from  Bonner,  J.  F.,  Plant  biochemistry.  New  York:  Academic  Press,  I95O,  contributed  by  Bonner, 
Reviewers:  Bonner,  J.  F. 
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112 

.      PAflTITION  OF  EXCRETED  BITPOGEN:      AHIMALS 
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Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 
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27,27f 
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86  p  n 

2l*,2'*f 

U  D  F  N  P 
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2 
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2d 
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ITbe 

Fn  1  for  89  A-T 

2l*d 
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52  B  E-G  H-S  4 
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50 
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6d 
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A-T 

33c 
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7 
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25,25f 
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Fn  1,10 
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8f,33c 
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25bef 
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3U  D  F  J  L  0  Q 

8,9,8f,9f 

76  D  F  H-K  N  S 
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3l*GIIPS8cPn2 
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8.  Fn  1,11* 

21be 

Pn  52,35 

36be 

Fn  1  for  3'*  A-T 

8bde 

77  F  N  S 
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122  E  G  M  0  T  & 

35  C-K  0  (J  T  & 

Pn  21  for  77  A-T 

21d 

Pn  10,52,3'» 

36be 

Pn  1,2 

9be 

78  G-K  N  P  T  8; 

125  D  F  L  B  P 

20f,55c,57be 

36  G  N  P  S  8=  Fn 

Fn  1,11,11* 

21be 

123  S 

20 

1,2 

8be 

79  D  F  J  N  P  BS 

123  T  &  Fn  10 

37be 

37  F  P 

8bef 

&Fn  55 

25 

Fn  1  for  123  A-T 

37bde 

57,38  s  &rn  1,13 

8be 

79  E  G  0  Q  T  8i 

121*  P  0  &  Ri  57 

58be 

30  F  H  P 

8bef 

Fn  1,10 

26be 

12U  K  P 

38 

39  G  0  Q 

10,ll,10f,llf 

80  H-K 

26be 

125  D  F  L  H  P 

20,20f 

Pn  1  for  39  A-T 

10,lld 

81  RS&  Fn  10,22,5; 

26be 

125  E  G  M  0  Q  T  & 

UO  G  0  Q  T  t 

82  E  0-K  0  Q  T  8c 

Pn  10,19 

13,2'»be 

Pn  1,1U 

lObe 
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21be 

126,127  D  F  L  B  P 
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(Continued  on  the  next  page] 
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112.  PAHTITIOH  OF  E3!CRETED  BITROGER:  AHMALS   (Concluded) 
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and  References 

and  Footnotes 
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127  E  G  M  0   Q  T 

13be,20,2ltbe 

152  T 

39 

178,179  E  M  OP 

1*3 

Fn  1  for  127  A-T 

15,2ltMe 

153  E  F  L  II  P  S   i 

178,179  F  8c  Fn  11, 

Fn  10  for  127  A-T 

13,2l*be 

Fn  lit,  19, 56 

59be 

12 

15be,l*5 

128  D  F  I.  N  P 

20 

151*  F  N  P  S  8= 

180  F  11  P  &  Fn  1 

8,1*1* 

120  E  G  M  0   Q  E 

Fn  lit,  19, 35 

39be 

181  D  F  11  P  S  8c 

8:  Fn  l!»,19 

2ltbe 

155  D  F  L  It  P  S  1 

Fn  10,1*5 

15be 

129,130  D  F  L  N 

Fn  lit,  19, 36 

59be 

132  D  F  L  N  S 

15,20be,l*5 

P  S  t  Fn  11.12 

15be,33c 

156  E  F  L  N  P 

15,57be 

182   P 

1*5 

Fn  lli,19  for  129, 

156   S  8:  Fn  10,19 

57be 

Fn  10,19  for  182 

150  A--" 

13be 

157  D  F  H  P  S  8b 

A-T 

15,20be 

131  E  G  0  Q  "  & 

Fn  10,38 

57be 

185  D  F  L  H  S 

37,1*3 

Fn  ll*,52 

56be 

158  F  &  Fn  Itl 

20 

185  E  0  M  0  T  8c 

132  E  G  M  Q  T  & 

159,160  F  G  &  Fn 

Fn  10,19 

13,57bef 

Fn  lU.ja 

36be 

lU,lt2,U5 

l*Obe 

IO5  P 

15,57be,U5 

133  E  G  M  T  & 

161  D-G  L-W  P  ST 

18I*,185  D  F  n 

37,1*3 

Fn  10,32,31* 

56t,e 

t  Fn  10,19 

39be 

18!*, 185  E  G  0  8c 

ISlt.lSS  E  G  H  Q  T 

162  F  S  8c  Fn  Ik, 

Fn  10,19 

13,37be 

&  Fn  2,32 

36be 

19,35 

39be 

181*  P  T 

13,37be,li5f 

136  D  G  L  U  P 

36 

165  D  F  L  S  8b 

185  M  P  T 

15,57be,U5f 

136  E  G  M  0  e  T 

Fn  llt,19,56 

39be 

186  F  JI 

20 

8=  Fn  1,10 

13,2Ube 

iSt  D  F  N  P  S  8c 

Fn  19  for  186  A-T 

20d 

137  D  G  L  r;  P 

8,13,2l*be 

Fn  10,38 

37be,U5f 

187  F  N  8=  Fn  ll*,19 

l*5be, 558,51*8 

137  S  &  Fn  10 

l},2Ube 

165  D  F  L  H  S  8b 

187  P 

'•5,55a,5l*a 

Fn  1  for  157  A-T 

13,2'ibde 

Fn  2,U,ltO 

15be 

188  F  &  Fn  1U,19 

l*6be 

138  D  r  IJ  P  S 

166  D  r  H  S  8i 

188  N 

1*6 

&  Fn  10,19 

13,2ltbe 

Fn  2,12, ItO 

13be 

189  F  11  P  8b  Fn  1*6 

1.7,1*8 

159.1'*0  D  F  L  H 

167  E-G  M  OP  8= 

189  F  8c  Fn  ll*,19 

U7,li8bc 

P  S  t  Fn  10,19 

Fn  2,12,U4 

13,20, 57be 

190  F  8:  Fn  19,1*7 

1*9 

35,36 

39be 

168  F  0  8c  Fn  2, 

191  I»  i  Fn  ll*,19. 

lUl  D  0  K  0  Q  T 

12, 2U 

Ulbe 

58 

l*6be 

&  Fn  10,19 

2ltbe 

169  E  G  L  OP  3r  8c 

192  F  S  8b  Fn  11, 

lUl  F  H  P 

57 

Fn  2,ll,UJt 

15,20,5rbe 

ll*,19 

l*9be 

lU2,lU3,lU5  B  F  L 

Fn  2  f or  I69  A-T 

57be 

195  F  &  Fn  ll*,19. 

N  P  S  4  Fn  10, 

170  F  n  4  Fn  2,11 

Itlbe 

1*8,U9 

l*9be 

19,37-39 

13be 

Fn  111  for  170  A-T 

13,20d 

19"*  F  8c  Fn  ll*,50. 

lUU  F  L  N  S  & 

171  D  P 

Us 

51 

1.9be 

Fn  10,19,39 

15be 

171  F  J  H  8c  ni  2 

U2be 

Fn  19  for  191*  VT 

1.9d 

lUe  D  F  L  P  Q 

59 

Fn  1  for  171  A-T 

l.2d 

195  F  8c  Fh  ll*,19 

50be 

IU6  N  T 

39be 

172,173  F  N  8c  Fn 

196  F  8.  Fn  52 

1.6, 51d 

ll*7  E  0  L  0   Q  T 

2,1*0,1*5 

U2be 

196  N 

Itfld 

t  Fn  2,U0 

13be 

17't,175  D  0  L  N  P 

Fn  19  for  196  A-T 

1.6, 51d 

llt8,  IU9  D  F  L  N  P 

S  8b  Fn  11,12, 

197  H  *  Fn  l'*,19, 

S  fc  Fn  2,11,12, 

11*,  19 

37be 

58 

Wbe 

■10,57 

131>e 

176,177  »0  4  7n 

198  F  a.  Fn  lit 

52be 

150,151  E  G  M  0  Q 

lu, 19,1*2,1.5 

UObe 

198  N 

52 

&  Fn  2,11,12,U0 

37be 

178,179  D  L  N  S 

Fn  19  for  196  A-T 

52bde 

152  D  F  L  N   P  S  8b 

&  Fn  ll*,l*0 

13be 

Fi  1U,19,35 

39be 
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Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  B 

l,2,g,}n,8lj 

27  B 

to,1.9hj 

59  BC 

1.9n 

1  C 

lii,l»,5f,6f,8lj 

27  C 

l*8,l*8n,l*9hj,50n. 

60  B 

U7,50n,61.J 

1  E 

ln,7n,9n 

5l*n,57n 

60C 

50n,61.J 

2  B 

2 

28  BC 

ka 

61  BC 

U7n,50n 

2  C 

ln,lni,5,6 

29  B 

1*9J 

62  BC 

UTn,50n 

2,}  D 

e. 

29  C 

l*9J,5l*c 

65  B 

1.8,l*9hJ  . 

2  E 

8n,9n 

50  B 

l*7n,5l*hjn,57n 

65  c 

10n,U7n,lt8,li9hJn, 

5  B  4  Fn  2 

Calc  froB  7-11  BC 

30  C 

5l*h 

50n,52-57n,61tn 

See  also  lii,2n. 

32  C 

l*7n,5l*cjn,57n 

61*  BC 

1*8 

3J,10-l6n 

33  B 

l*8,U9hJ 

65  BC 

10n,l*Tn,lt9-55n, 

3,5  C 

3J,ln,2n,l»n 

35  C 

l*7n,l*8,l*9hj,5l*n,57n 

5''cn,55-57n,6Un 

3  ETO 

17n 

31*  BC 

1*9 

65  D 

59a 

".  C 

10-l6n 

35  BC 

l*9J,5l*c 

65  E 

59n 

5  FG 

17h 

55  D 

59a 

65  FG 

60bhlk 

6BC 

Calc. from  12-71  BC 

35  E 

59n 

66  B 

l*8,li9hj 

6  ro 

191k 

35  PG 

60bhlk 

66  C 

U7n,lt8,U9hJn,50n, 

7  B 

ld,2,5J,llJ,20ni, 

58  B 

l*7n 

53-55n,65n,61tn 

21-2W 

59  B 

l*8,l*9hj 

67  BC 

1*8 

7  C 

5J,5f,6,6efno,llD, 

59  C 

l*7n,l*8,U9hJn,50n, 

68  BC 

It7,'t9n,50n,53-55n, 

25-28n 

52n,55n,55-57n,65c 

65n,61»n 

7  F 

291k 

1*0  BC 

1*8 

68  PG 

60bhlk 

7  0 

291k,31b 

Ul  BC 

l*7n,l*9n,50n,52n. 

69  B 

1*8,1*9J 

8  B 

ld,2,20iii,21-2ltd 

55n,5l*c,55-57n,65n 

69  C 

l*8,lt9dha,50n,57n. 

8  C 

ln,5f,6f,52 

1*1  D 

59a 

65n 

9  B 

ld,2,5J,21-2'»d 

1*1  E 

59n 

70  BC 

1*8 

9  C 

l,5J,5f,6f,}5n, 

1*1  PG 

eobhlk 

71  B 

''9J 

jUn 

1*2  B 

W,U9hJ 

71  C 

''9J,5J*c 

9  PG 

351k,36lk,8ln 

1*2  0 

10n,l*8,U9hJn,50n, 

71  PG 

60bhlk 

10  B 

ldn,2,6,20iii,21-2Ud 

52n,55n,55-57n,65n 

72  B 

l*8,l*9hj 

10  C 

1,111,57- 39n 

1*5  BC 

i.8 

72  C 

10n,l*8,l*9hjn,50n, 

10  F 

ItOh 

1*1*  B 

l*9J 

52-57n 

10  G 

UObh 

W*  C 

10n,l*9Jn,50n,52n, 

73  BC 

1*8 

11  B 

ld,2,5J,20iii,21-2ltd 

53n,5l*c,55-57n,65n 

7"*  B 

U9J 

11  C 

li,JJ,5f,6f,lln, 

1*4  D 

59a 

71*  C 

10n,U9Jn,52n,53n, 

ltl,Ul-lt5n 

ItJ*  E 

59n 

5l*cn,55-57n 

11  E 

Hn 

1*1*  PG 

60bhlk 

Ik  D 

59a 

11  G 

U51k,l*6ik 

U5  B 

U8,l*9hJ 

71*  E 

59n 

lU  B 

U7n 

1*5  C 

10n,l*7n,lt8,l*9hn, 

|7l*  PO 

60bhlk 

15  B 

li8,U9hJ 

50-57n 

75  0 

l*7n 

15  C 

l*7n,U8,U9hJn,50-5an 

1*6  BC 

1*8 

76  B 

2,21-2l*d 

16  BC 

K& 

1*7  BC 

10n,U7n,l*9n,50-53n, 

76  c 

ld,5f,52,67n 

17  C 

l.7n,l*9n,50-53n, 

5'*cn,55-57n 

77  BC 

68«o,69eo 

5ltcjn,55-57n 

1*7  D 

59a 

78c 

620 

17  D 

59a 

1*7  E 

59n 

,79  B 

2,20m,21-2l*d, 

17  E 

59n 

1*7  PC 

60bhik 

70gn,71J 

17  FG 

60bhlk 

1*8,1*9  B 

l*8,U9hJ 

79  C 

ld,5f,7O,70n,71J 

18  B 

U8,U8n,U9hJ 

1*8  C 

10n,l*7n,l*8,l*9hjn, 

72n,75n 

18  C 

l*7n,U8,U9hJn,50n, 

52-57n,65n,66n 

80  B 

68eo,69eo 

5l«i,55n 

50  BC 

l»8,U9hJ 

81  B 

2,21-2l*d,71<J 

19  BC 

1*9 

51  B 

l*7n 

81  C 

Id, 2d, 5^,7110 

20  BC 

k7n,k9a.%ln,^D, 

51*  B 

l*8,l*9gh 

81  E 

75n 

57n 

51.  C 

I*7n,lt8,lt9gbn,50n, 

82  C 

26n 

21  BC  4  Fn     5 

6lJ,n 

53-55n,57n,65n 

85  C 

76n,77n 

25  C 

62n 

55,58  BC 

1*8 

8U  BC  4  Pn  7 

llj 

2U  B 

'»8,U9dJ,57n, 

56  BC 

l*7n,lt9ii,50n,55-55n, 

85  c 

69eo 

65n 

57a,65n 

86  B 

1 

su  c 

W.UghJ 

56  PG 

60bhlk 

86  C 

l,78n,79n 

26  C 

U9n,65n,61in 

57  B 

l*8,lt9hjn 

86  E 

80n 

57  C 

1.8,1.9hJ 
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U6.   EXCRETION  OF  MISCELLAIIEOtJS  ORGAHIC  COMPOUNDS:   MAN 
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U7.   EXCRETIOIt  OF  ELECTROLYTES  AHD  MIUQR  KIIIERALS:  MAH  (Concluded) 
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lb 
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a 

Contributors :      (a)  Dunn,   C.  G.     (b)  Umbreit,  W.  W. 

Reference:      (l)  Prescott,   S.  C,   and  Dunn,   C.  G.,    Industrial  microbiology.   Hew  York:   McGraw-Hill,    19'i-9- 

Reviewers:      Dunn,  C.   G. ;   Umbreit,  W.  W. 


121.  METABOLIC  PROD'I-rrS  OF  BACTERIA:      ANAEROBIC  FERMEWTATION  OF  GLUCOSE 
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Ub 
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Contributors:      (a)   Delwlche,  E.   A.,   and  Sherman,  J.   M.      (b)   Ltabrelt,  W.  W. 


References:      (l)  Smith,   P.  A.,   and  Sherman,   J.  M.,  J.  Bact.  1*3:725.    191*2. 

t,  19G8.  ■■ 


(2)  Nelson,  M.  E.,  and  Werkman,  C.  H.,  J.  Bact. 

^0:51*7,  1935.  (3)  Van  Nlel,  C.  B.,  Ph.  D.  Thesis,  Delft,  1928.  (It)  Scheffer,  M.  A.,  Thesis.  Delft,  1928.  (5)  Donker,  H. 
J.  L.,  Thesis,  Delft,  1926.  (6)  Johnson,  M.  J.,  (unpublished).  (7)  Osbum,  0.  L.,  Brown,  R.  W.,  and  Werkman,  C.  H.,  J. 
Biol.  Chem.  121:68?,  19}7.  (8)  Stanier,  R.  Y.,  and  Adams,  G.  A.,  Blochem,  J.  ^8:168,  igWt. 

Reviewers:  Delwlche,  E.  A.;  Sherman,  J.  M. ;  Umbreit,  W.  W.;  Werkman,  C.  H. 


122.  OXYCEH  COHSUMPTIOH:   BLDOD  FORMED  ELEMENTS,  MABBOW,  SPLEEN,  LYMPH  NODES,  THYMUS 
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6  ABC 

Ua 
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Contributors:   (a)  Barker,  S.  B.   (b)  Jandorf,  B.  J.   (c)  IJiiastel,  J.  H. ,  and  Scholefleld,  P.  G. 

References:   (1)  Warren,  C.  0.,  Jr.,  Am.  J.  Physiol.  151:176,  19lt0.   (2)  Glover,  E.  C. ,  Daland,  G.  A.,  and  Schalti,  H.  L. , 
Arch.  Int.  Med.  U6:l»6,  195O.   (5)  Flelschmann,  W. ,  and  Kubowltz,  F. ,  Blochem.  Ztschr.  l8l:595,  1927.   (1')  Macleod,  J.,  and 
Rhoads,  C.  P.,  Proc.  Soc.  Exp.  Biol.  Med.  41:268,  1959.   (5)  Pujlta,  A.,  Kiln.  Wchnscher.  7:897,  1928.   (6)  Fujita,  A., 
Blochem.  Ztschr.  197:175,  1928.   (7)  Folley,  S.  J.,  and  French,  T.  H. ,  Blochem.  J.  ^:270,  19-9.   (8)  Rosenthal,  0.,  and 
Lasnltzki,  A.,  BlocHem.  Ztschr.  196:5'»0,  1928.   (9)  Warburg,  0.,  Posener,  K. ,  and  Negeleln,  E. ,  Blochem.  Ztschr.  152:509. 
192't.   (10)  Wohlgemuth,  J.,  and  Klopstock,  E. ,  Blochem.  Ztschr.  175:202,  1926.   (11)  Barker,  S.  B. ,  and  Schwartz,  H.  S. , 
(unpublished).   (12)  Endres,  G.,  and  Kubowltz,  F. ,  Blochem.  Ztschr.  191:595,  1927.   (15)  Ramsay,  R. ,  and  Warren,  C.  0., 
Jr.,  J.  Exp.  Physiol.  20:215,  1950.   (lU)  Ibid.,  22:1»9,  1952.   (15)  Kawashlma,  Y. ,  J.  Blochem.  (Tokyo)  ]t;ltll,  1925.   (I6) 
Negeleln,  E. ,  Blochem.  1^8:121,  1925.   (17)  Schlayer,  C. ,  Blochem.  Ztschr.  293:9''.  1937.   (I8)  Wright,  G.  P.,  J.  Gen. 
Physiol.  1U:179,  1930.  "TT9)  Barker,  S.  B. ,  and  Klltgaard,  H.  M. ,  Am.  J.  Physiol.  170:81,  1952.   (20)  Dickens,  G. ,  and 
Grevllle,  0.  D. ,  Blochem.  J.  27:852,  1955.   (21)  Dickens,  F. ,  and  Slmer,  F. ,  Blochem.  J.  2li:1501,  1920.   (22)  Murphy,  J.  B. , 
and  Hawkins,  J.  A.,  J.  Gen.  Physiol.  8:115,  1925.   (25)  Well-Malherbe,  H. ,  Blochem.  Ztschr.  175:202,  1926.   (2l«)  Engelhardt, 
W.  A.,  Blochem.  Ztschr.  251:3''5,  1932.  (25)  Edaon,  N.  L.,  and  Lelolr,  L.  F.,  Blochem.  J.  ^:2319,  1936. 

Reviewers:  Barker,  S.  B.,  Dlckene,  F.,  Jandorf,  B.  J.,  Krebs,  H.  A.,  MacLeod,  J.,  Quaatel,  J.  H.  Scholefleld,  P.  G. 
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125.   OXYGEN  COHSUMPIION:   EPITKELIUM  AHD  ASSOCIATED  TISSUES 
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Contributors;   (a)  Barter,  S.  B.   (b)  Jandorf,  B.  J.   (c)  Quastel,  J.  H.,  and  Scholefleld,  P.  G. 

Referencee:   (l)  Rosenthal,  0.,  and  Lasnitzkl,  A.,  Blochem.  J.  126:340,  1928.   (2)  Dickens,  F.,  and  Well- Malherbe,  H.,  Bio- 
chem.  J.  22=7,  191^1.  (5)  Barker,  S.  B.,  and  Klltgaard,  H.  M.,  Am.  J.  Physiol.  110:81,  1952.  {k)   Dickens,  F.,  and  Slmer,  F. 
Blochem.  J.  2lt:1501,  1920.   (5)  Warburg,  0.,  Posener,  K.,  and  Negeleln,  E.,  Blochem.  Ztschr.  152:309,  I92U.   (6)  Well- 
Malherbe,  H.,  Blochem.  J.  ^2:2257,  1958.  (7)  Beli,  W.  B.,  Brooks,  J.,  and  Jowett.  M.,  J.  Cancer  Res.  12:369,  1928.  (8) 
Barron,  E.  S.  G.,  Meyer,  J.,  and  MlUer,  Z.  B.,  J.  InTest.  Derm.  11:97,  19'*8.   (9)  Wohlgemuth,  J.,  and  Klopstock,  E.,  Blo- 
chem. Ztschr.  175:202,  1926.   (10)  LoebeU,  R.  0.,  Blochem.  Ztschr.  161:219,  1925.  (U)  Adams,  P.  D.,  Arch.  Derm.  Syph. 
56:606,  1957.   (12)  Adams,  P.  D.,  J.  Biol.  Chem.  ll6:6Ui,  I956. 

Reviewers:   Barker,  S.  B.;  Dickens,  F.;  Jandorf,  B.  J.;  Krebs,  H.  A.j  Moore,  R.  O.i  Suastel,  J.  H.;  Scholefleld,  P.  G. 


121*.   OXYGEH  COUSUMPTION:   GLAHD  TISSUES 
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Beferences:  (l)  Pujita,  A.,  Blochem.  Ztschr.  121:175,  1928.  (2)  Deutsch,  W.,  and  Raper,  H.  S.,  J.  Phyaiol.  87:275,  1936. 
(3)  Warburg,  0.,  Posener,  K.,  and  Hegelcin,  E.,  Blochem.  Ztschr.  1^2:309,  192U.  (U)  EdBon,  H.  L. ,  and  Leloir,  L.  F.,  Blo- 
chem. J.  50:2319,  1956.  (5)  Barker,  S.  B.,  and  Schwartz,  H.  S.,  Tunpublished).  (6)  Roberts,  S.,  and  Rock,  M.,  (unpublished). 
(7)  -Rosenthal,  0.,  and  Lasnitzkl,  A.,  Blochem.  Ztschr.  126:5UO,  1988.   (8)  Barker,  S.  B.,  (unpublished).   (9)  Sturm,  A., 
Ztschr.  exper.  Med.  2!»:555,  1950.  (10)  Mendel,  B.,  Kiln.  Woch.  10:U8,  1931.  (U)  Walthard,  B.,  Ztschr.  eiper.  Med.  J^'Mi-, 

Reviewers:   Barker,  S.  B. ;  Dickens,  F.,  Jandorf,  B.  J.;  Krebs,  H.  A.;  Moore,  R.  0.;  Quastel,  J.  H. ;  Scholefleld.  P.  G. 


125.   QXTCEH  CONSUMPTION:  LUHG 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

1,2,6,7  ABC 
3,8  ABC 

la 
2a 

k  ABC 
5  ABC 

3ab 
Ua,5ab 

9  ABC 

10  ABC 

la,6ab 
l*ab 

Contributors:  (a)  Barker,  S.  B.   (b)  *iaBtel,  J.  H.,  and  Scholefleld,  P.  G. 

References:   (l)  Simon,  F.  P.,  Potts,  A.  M.,  and  Gerard,  R.  W.,  J.  Biol.  Chem.  167:303.  I9U7.   (2)  Edson,  N.  L.,  and  Leloir, 

L.  F.,  Blochem.  J.  50:2319,  I956.   (5)  Krebs,  H.  A.,  in  Oppenhelmer,  C,  Handbuch  der  Biochemle  des  Mensehen  und  der  Tiere, 

Jena,  Germany:  Fischer,  1955.  (■»)  Fujita,  A.,  Blochem.  Ztschr.  197:175,  1928.  (5)  Ogata,  Y.,  J^.  J.  Med.  Scl.  Trans.  Ill 
Biophysics  2:131,  1952.  (6)  Laser,  H.,  Blochem.  Ztschr.  2l4B:9,  1952. 

Reviewers:  Barker,  S.  B. ,  Dickens,  F. ,  Jandorf,  B.  J.,  Krebs,  H.  A.,  ^lastel,  J.  H.   Scholefleld,  P.  G. 
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126.   OXTCEN  COSSaOTIOIl:   LrVER 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1,2,5  ABC 

la 

9  ABC 

6ab 

15  ABC 

lUa 

Ik,  10, 18  ABC 

2a 

11  ABC 

Bab 

16  ABC 

15a,l6a,17a 

5  ABC 

Jac 

12  ABC 

9a,  10a 

17  ABC 

8a,  9a,  IJa,  16a,  17a, 

6  ABC 

k» 

13  ABC 

liar, 2a 

19a,  20a,  21a,  22a, 

7  ABC 

5ec 

lit   ABC 

13a 

23a,2b 

8  ABC 

5« 

Contributors:   (a)  Barker,  S.  B.   (b)  Kleiber,  M.   (c)  (JuaBtel,  J.  H.,  and  Scholefield,  P.  G. 

References:  (l)  Carroll,  M.  J.,  Arch.  f.  exper.  Zellforsch.  ^:592,  1959-  (2)  Kleiber,  M.,  Proc.  Soc.  Exper.  Biol.  Med. 
I»fl:lil9,  19ltl.  (3)  Krebs,  H.  A.  in  OppenheloEr,  C,  Handbuch  der  Blochemie  des  Mepschen  und  der  Tiere.  Jena,  Germany: 
Fischer,  1933.  K)  Edson,  B.  L.,  and  Lelolr,  L.  R.,  Biochem.  J.  20:2319,  1936.  (5)  Meier,  R.,  and  Tholenes,  E.,  Arch, 
exper.  Path.  Phann.  162:655,  1933.   (6)  Tanyla,  C,  Biochem.  Ztschr.  182:175,  1927.  (7)  DeutBch,  W.,  and  Raper,  H.  S., 
J.  Physiol.  81:275,  1936.  (8)  Ogata,  Y.,  Jap.  J.  Med.  Scl.  Trans.  Ill  Biophysics  2:131,  1952.  (9)  Crabtree,  H.  G.,  Bio- 
cheii.  J.  2J:536,  1928.  (10)  Laser,  H.,  Biochem.  J.  ^:1671,  1937.  (U)  Ebina,  T.,  Tohoku  J.  Exper.  Med.  i^:kZk,   1929. 
(12)  Burk,  D.,  Cold  Spring  Harbor  Syi?).  Quant.  Biol.  7:1(20,  1939.  (15)  Rosenthal,  0.,  and  Lasnltzki,  A.,  Biochem.  Ztschr. 
1^:5U0,  1928.  (lU)  Hawkins,  J.  A.,  J.  Gen.  Physiol.  11:61*5,  1928.   (15)  Dickens,  F.,  and  Greville,  G.  D.,  Biochem.  J. 
27:832,  1935.  (16)  Meyerhof,  0.,  and  Lohmann,  K.,  Biochem.  Ztschr.  r2.:38l,l)-21,  1926.  (17)  Hinami,  S.,  Biochem.  Ztschr. 
Ii2:55lt,  1923.   (18)  Barker,  S.  B.,  and  Klltgaard,  H.  M.,  Am.  J.  Physiol.  170:81,  1952-   (19)  Dickens,  F.,  and  Slmer,  F., 
Biochem.  J.  2l»:1301,  1920.   (20)  Elliott,  K.  A.  C,  Grelg,  M.  E.,  and  Benoy,  M.  P.,  Biochem.  J.  21:1003,  I937.   (21)  Grass- 
helm,  K.,  Ztschr.  kiln.  Med.  102:380,  1926.  (22)  Myerhof,  0.,  Lohmann,  K.,  and  Meier,  R.,  Biochem.  Ztschr.  127:U59,  1925. 
(23)  Warburg,  0.,  Posener,  K.,  and  Negeleln,  E.,  Biochem.  Ztschr.  152:509,  1924. 

Reviewers;  Barker,  S.  B.;  Dickens,  F.;  Elliott,  K.  A.  C.;  Jandorf,  B.  J.;  Kleiber,  M.;  Krebs,  H.  A.;  MacLeod,  J.;  Quastel, 
J.  H.;  Scholefield,  P.  G. 


127.  OXYGEN  CONSUMPTION:   MISCELLANEOUS  TISSUES,  COMPARATIVE 

Reference:   Data  contributed  by  'Quastel,  J.  H.,  and  Scholefield,  P.  G.,  and  adapted  from  Krebs,  H.  A.,  Biochlm.  et  Biophys. 
Acta  U:2l»9,  1950. 

Reviewers;   Barker,  S.  B. ;  Dickens,  F.;  Jandorf,  B.  J.;  Krebs,  H.  A.;  Moore,  R.  0.;  Morrison,  P.  R.:  Quastel,  J.  H.; 
Scholefield,  P.  G.; 


128.   OXYGEN  CONSUMPTION:   MISCELLANEOUS  TISSUES,  IN  THE  PRESENCE  OF  VARIOUS  SUBSTRATES 
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Contributors:   (a)  Barker,  S.  B. ,  (b)  IJiastel,  J.  H. ,  and  Scholefield,  P.  G. 

References:   (1)  Jowett,  M. ,  and  (iiastel,  J.  H. ,  Biochem.  J.  51:565,  1957.   (2)  Laser,  H. ,  Biochem.  Zschr.  2|t8:9,  1952. 
(3)  Shorr,  E. ,  Cold  Spring  Harbor,  Symp.  ^ant.  Biol.  7:525,  1959.   C*)  Crabtree,  H.  G.,  Biochem.  J.  23:556,  1928.   (5) 
Meyerhof,  0.,  Lohmann,  K. ,  and  Meier,  R.,  Biochem.  Zschr.  122:1*59,  1925. 

Reviewers;  Barker,  S.  B. ;  Dickens,  F.;  Jandorf,  B.  J.;  Krebs,  H.  A.;  Moore,  R.  0.;  Quastel,  J.  H.;  Scholefield,  P.  G.; 
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129.   OOtrCEll  CCfflSDHPnOH:   MUSCLE 
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Contributors:   (a)  Barker,  S.  B.   (b)  Quaatel,  J.  H.,  and  Scholefleld,  P.  G. 

References:   (l)  Barker,  S.  B.,  (unpublished).  (2)  Barker,  S.  B.,  and  Klitgaard,  H.  M.,  Am.  J.  Physiol.  170:81,  1952.   (?) 
Edson,  B.  L.,  and  Leloir,  L.  F.,  Blochem.  J.  ^:7,  iglil.   (>>)  Gemolll,  C.  L.,  Bull.  Johns  Hopkins  Hosp.  68:329,  19^1-  (5) 
Meyerhof,  0.,  Lohnann,  K.,  and  Meier,  R.,  Blochem.  Ztschr.  152:li59,  1925.   (6)  Takane,  R.,  Biochem.  Ztschr.  121:l»03,  19G6. 
(7)  Shorr,  E.,  Cold  Spring  Harbor,  Symp.  Quant.  Biol.  2:325,  1939.   (8)  Warburg,  0.,  Posener,  K.,  and  Segeleln,  E.,  Blocbea. 
Ztschr.  152:309,  192U.  (9)  Field,  J.,  2nd,  In  Potter,  V.  R.,  Methods  in  medical  research.  Chicago:  Year  Book  Publishers, 
191*8.   (ToT  Genmlll,  C.  L.,  An.  J.  Fhyslol.  112:291l,  1935.  (n)  t»-y-r*^r     n   ..vi  T/^hmnnr.  k.,  Blochem.  Ztschr.  171:381,421, 
1926.   (12)  Ochoa,  S.,  Blociiem.  Ztachr.  227:ll5,  1930.  (13)  Saalon,  C,  J.  Cell.  Con^iar.  Physiol.  10:385,  1937.  (lit)  Rosen- 
thal, 0.,  and  Lasnltzkl,  A.,  Blochem.  Ztschr.  126:3W),  1928.  (15)  Dickens,  F.,  and  Well-Malherbe,  H.,  Blochem.  J.  ^-.7,   19111. 

Reviewers;  Barker,  S.  B. ,  Dickens,  F. ,  Jandorf,  B.  J.,  Krebs,  H.  A.,  ftiastel,  J.  H.  Scholefleld,  P.  0. 


150.   OTfOEH  CONSIMFTIOH:   RB0PIA3C5,  HEHICB,  AKD  HYPERPLASTIC  TISSUE 
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and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

1  ABC 

2  ABC 

lab,2ab' 
2a 

i,h,^  ABC 
6,7  ABC 

5a 

la,  Uab 

8  ABC 

9  ABC 

Uab 
5a 

Contributors :   (a)  Barker,  S.  B.   (b)  ijuastel,  J.  H.,  and  Scholefleld,  P.  G. 

References:   (l)  Rosenthal,  0.,  and  Lasnltzkl,  A.,  Blochem.  Ztschr.  126:31*0,  1928.   (2)  Ualthard,  B.,  Ztschr.  exper  Med 
J2-M1,    1931.   (3)  Warburg,  0.,  and  Kubovrltz,  F.,  Blochem.  Ztschr.  l82:21t2,  1967.  M   Warburg,  0.,  Posener,  K.  and  Nege- 
lein,  E.,  Blochem.  Ztschr.  152:309,  192U.  (5)  Crabtree,  H.  G.,  Blochem.  J.  ^:1289,  igeS. 
Reviewers:   Bariier,  S.  B. ,  Dickens,  F. ,  Jandorf,  B.  J.,  Krebs,  H.  A.,  Quastel,  J.  H.;  Scholefleld,  P.  G. 


131.   OXYGEN  COHSUMPnON:   NEOPLASMS,  HAUGDAIfT 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

1,15  ABC 

2  ABC 

3  ABC 
h  ABC 

la 

la,2a,3ab,l*a,5B 

lta,5a 

6a 

5,6  ABC 

7  ABC 

8  ABC 

9  ABC 

7a 

8a 
6ab,9a 

6a,lla,12a,13ab,H»« 

10  ABC 

11  ABC 

12  ABC 

10a,  12a, 15a 

16a 

l.b,6a,9a,17b 

Contributors;   (a)  Ba. 
References:      (1)  Mur 

rker,  S.  B.     (b)  IJuas 
phy,   J.   B.,    and  Hawkl 

tel,   J.  H.,   and  Scho 
na,   J.  A.,   J.   Gen.   PI 

lefield,    P.   0. 
Syslol.  8:115,   1925. 

(2)   Loebell,   R.   0., 

Blochem.    Ztschr.   I6I 

219,  1925.   (5)  Mlnaml,  S.,  Blochem.  Ztschr.  1U2:53I»,  1923.   (I*)  Rosenthal,  0.,  and  Lasnltzkl,  A.,  Blochem.  Ztschr.  196:3^. 
1928.   (5)  Warburg,  0.,  Posener,  K.,  and  Negeleln,  E.,  Blochem.  Ztschr.  182:21*2,  1927.   (6)  Crabtree,  H.  G.,  Biochem.  J.  23: 
2J6,  1928.   (7)  Glover,  E.  C,  Daland,  G.  A.,  and  Schmltz,  H.  L.,  Arch.  Int.  Med.  1*6:1*6,  1930.   (8)  Peschel,  E.,  Kiln.  Wchn- 
Bchr.  2:1061,  1930.   (9)  Laser,  H.,  Blochem.  J.  ^:l671,  1937.   (10)  Crabtree,  H.  G.,  Blochem.  J.  22:1289,  1928.   (11)  Dickens, 
F.,  and  Grevllle,  G.  D.,  Blochem.  J.  21:852,  1933.  (12)  Dlckena,  F.,  and  Slmer,  F.,  Blochem.  J.  2rri301,  1920.   (13)  Okamota, 
Y.,  Blochem.  Ztschr  160:52,  1925.  (11*)  Well-Malherbe,  H.,  Blochem.  J.  ^:2257,  1938.  (15)  Warburg,  0.,  Biochem.  Ztschr. 
160:307,  1925.   (16)  Krebs,  H.  A.,  and  Kubowltz,  F.,  Blochem.  Ztschr.  189:191*,  1927.   (17)  Warburg,  0.,  Blochem.  Ztschr.  152- 
309,  1921*.  —  -^ 

Reviewers:  Barker,  S.  B.,  Dickens,  F.,  Jandorf,  B.  J.,  Krebs,  H.  A.,   duastel,  J.  H.j  Scholefleld,  P.  G. 
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132.   OXY(a;N  CONSUMPTION:   NERVE  TISSUE,  INCLUDING  RETINA 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  ABC 

la 

lit,  15  ABC 

11a 

25  ABC 

11a, 22a 

2  ABC 

Sab 

16  ABC 

2a,lla,12a,13a,ll»a, 

28  ABC 

23a 

5  ABC 

2«J>,3a 

15a,l6a,17a 

29  ABC 

2lm 

'k  ABC 

Ua     ■ 

17  ABC 

18a 

30  ABC 

25b 

5  ABC 

28a 

18  ABC 

19a 

31  ABC 

26a 

6,12  ABC 

7a 

19,27  ABC 

20a 

52  ABC 

8a,17a,2Ua,26a,27a, 

7  ABC 

2a 

20,26  ABC 

21a 

29b 

6  ABC 

5ac 

21  ABC 

22a 

55  ABC 

3a 

9,10,11  AHC 

6a 

22  ABC 

3a 

3"*  ABC 

15a 

13  ABC 

8a,9ac,10at 

25,21*  ABC 

Ha 

ContrlbutorB:   (a)  Barker,  S.  B.  (b)  Elliott,  K.  A.  C.   (c)  Quastel,  J.  H.,  and  Scholefleld,  P.  0. 

References:   (l)  Warburg,  0.,  and  Kubovltz,  F.,  Blochem.  Ztachr.  182:2U2,  1927.   (2)  Elliott,  K.  A.  C,  J.  Neurophyslol. 
11:1*75,  191*8.   (3)  Craig,  F.  N.,  and  Beecher,  H.  K.,  J.  Neurophyelol.  6:135,  191t3-   (1*)  Hlmrich,  H.  E.,  and  Fazekas,  J.  F., 
Am.  J.  Physiol.  122:1*51*,  19U1.  (5)  Ogata,  Y.,  Jap.  J.  Med.  Scl.  Trans.  Ill  Biophysics  2:131,  1932.  (6)  Flemer,  J.  B., 
Flexner,  L.  B.,  and  Strauss,  W.  L.,  Jr.,  J.  CeU.  Compar.  Physiol.  18:555,  19l*l-   (7)  Edson,  N.  L.,  and  Lelolr,  L.  F.,  Blo- 
chem. J.  W-2519,  1936-  (8)  Dickens,  F.,  and  Grevllle,  G.  D.,  Blochem.  J.  22:832,  1933-  (9)  Eblna,  T.,  Tohoku  J.  Exper. 
Med.  12:l*2l*,  1929.   (10)  Krebs,  H.  A.,  and  Rosenhagen,  H.,  Ztschr.  f.  d.  ges .  Neurol,  u.  Psychlat.  12lt:61*3,  1931.  (11)  Ches- 
ter, A.,  and  Hlmwich,  H.  E.,  Am.  J.  Physiol.  11*1:513,  191*1*.  (12)  Dickens,  F.,  and  Grevllle,  G.  D.,  Blochem.  J.  22:832,  1935. 
(13)  Dickens,  F.,  and  Slmer,  F.,  Blochem.  J.  1571301,  1920.   (lU)  Elliott,  K.  A.  C,  Greig,  M.  E.,  and  Benoy,  M.  P.,  Biochem. 
J.  21:1003,  1937.   (15)  Loebell,  R.  0.,  Blochem.  Ztschr.  161:219,  1925.  (I6)  Meyerhof,  0.  and  Lohmann,  K.,  Biochem.  Ztschr. 
121:581,1*21,  1926.   (17)  Warburg,  0.,  Posener,  K.,  and  Negeleln,  E.,  Biochem.  Ztschr.  122:509,  1921*.   (18)  Fujlta,  A.,  Blo- 
chem. Ztschr.  122:175,  1928.  (19)  Tobias,  J.  M.,  Clark,  D.  B.,  and  Gerard,  R.  W.,  Fed.  Proc.  1:85,  191*2.  (20)  Holmes,  E. 
G.,  Biochem.  J.  26:2005,  1932.   (21)  Pearce,  J.,  and  Gerard,  R.^W.,  Am.  J.  Physiol.  126:1*9,  191*2.   (22)  Roberts,  S.,  and 
Rock,  M.,  (unpublished).   (23)  Sellei,  C,  Welnsteln,  P.,  and  J  any,  J.,  Blochem.  Ztschr.  2^2:11*6,  1932.   (21*)  Negeleln,  E., 
Biochem,  Ztschr.  162:122,  1925.  (25)  Grieg,  M.  E.,  Munro,  M.  P.,  and  Elliott,  K.  A.  C,  Blochem.  J.  ^-.kki,   1939.  (26) 
Laser,  H.,  Biochem.  J.  21:1671,  1937.  (27)  Robbie,  W.  A.,  and  Lelnfelder,  P.  J.,  Am.  J.  Opth.  22:208,  19U9.  (28)  Well- 
Malherbe,  H.,  Blochem.  J.  22:2257,  1938.  (29)  Elliott,  K.  A.  C,  and  Baker,  Z.,  Blochem.  J.  2g:2l*33,  1935- 

Reviewers:   Barker,  S.  B.,  Dickens,  F.,  Elliott,  K.  A.  C,   Jandorf,  B.  J.,   Krebs,  H.  A.,  Quastel,  J.  H.;  Scholefleld,  P.  G 


133.   OXYGEN  CONSUMPTIOS,  NERVE  TISSUE:   DOC 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Headnote 
1-7  ABCDE 
Fn  2 

2a,5a,lta, 
lb,  2a 
5a, 1*8 

Contributors:   (a)  Elliott,  K.  A.  C.   (b)  Hlm/lch,  H.  E. 

References:   (1)  Hlmwlch,  H.  E. ,  Brain  metabolism  and  cerebral  disorders.  Baltlncre:  Williams  i  Wllklns  Co.,  1951,  Table 
17.  (2)  Hlmvlch,  H.  E.,  and  Fazekas,  J.  F.  ,  Am.  J.  Physiol.,  152:1*51*,  191*1.  (5)  Elliott,  K.  A.  C,  and  Henderson,  N. ,  J. 
Neurophyslol.,  11:1*75,  191*8.   (■*)  Krebs,  H.  A.,  Blochem.  et  Blophys.  Acta.,  l*:2l*9,  1950. 

Revievers :  Barker,  S.  B.;  Craig,  F.  N.j  Elliott,  K.  A.  C.j  Fuhman,  F.  A,;  Hlmwlch,  H.  E.;  Jandorf,  B.  J.;  Krebs,  H.  A.; 
Schaefer,  A.  E.;  Tyler,  D.  B. 


131*.   ANAEROBIC  GLYCOLYSIS,  NERVE  TISSUE:  CAT,  DOG 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Fn  1 
Fn  2 
1-7  ABCDEFCH 

b 
a 
lb 

Contributors;   (a)  Elliott,  K.  A.  C.   (b)  Himrtch,  H.  E. 

Reference:   (1)  Chester,  A.,  and  Himwich,  H.  E. ,  Am.  J.  Physiol.  ll*2:5l*l*,  19l»l». 

Revlevere;  Craig,  F.  N.;  Elliott,  K.  A.  C;  Fuhrman,  F.;  Hlmrtch,  H.  E.;  Lardy,  H.  A.}  Sumnerson,  W.  H.j  Tyler,  D. 
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135.  aXYCajI  COBSUMPTION:  REPRODUCTIVE  TISSUES,  IHCLUDIIIB  GORADS  ARD  SPEIW 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1,2,3  ABC 

la 

12  ABC 

6a 

22  ABC 

8ad 

It, 21*  ABC 

2a 

13, lit, 17, 18  ABC 

7a 

23  ABC 

9a,10a,Ua,12a,13b 

5,6,26  ABC 

3a 

15  ABC 

l8c 

13a,  Ilia,  15a 

7-10  ABC 

lia 

16,19,20  ABC 

17c 

25,27,28  ABC 

16a 

11  ABC 

5a 

21  ABC 

2ad 

CoptrlbutorB:   (a)  Barker,  S.  B.  (t)  EUlott,  K.A.C.   (c)  Jandorf,  B.  J.   (d)  (Juastel,  J.  H.,  and  Scholefield,  P.  G. 

Reference b:   (l)  Folley,  S.  J.,  and  French,  T.  H.,  Blochem.  J.  Il2:270,  19^9.   (2)  Pujita,  A..  Biochem.  Ztschr.  127:175, 
1928.   (3)  Barker,  S.  B.,  and  Schwartz,  H.  S.,  (unpublished).  Jk)   Levey,  H.  A.,  and  Szego,  C.  M.,  (unpublished).   (5) 
Macleod,  J.,  Am.  J.  Physiol.  1^:512,  19I13.  (6)  Lardy,  H.  A.,  and  PhlUlps,  P.  H.,  J.  Biol.  Chem.  11*8:333,  191t3.  (7) 
Redenz,  E.,  Blochem.  Ztschr.  221:234,  1933.  (8)  Eblna,  T.,  Tohoku  J.  Exper.  Med.  13:lt2lt.  1929.  (9T"Barker,  S.  B.,  and 
Klltgaard,  H.  M.,  Am.  J.  Physiol.  110:8l,  1952.  (10)  Dickens,  F.,  and  Grevllle,  G.  D.,  Biochem.  J.  27:832,  1933.  (U) 
Dickens,  F.,  and  Slmer,  F.,  Blochem.  J.  ^5:7,  igltl.   (12)  Edson,  H.  L.,  and  Lelolr,  L.  F.,  Biochem,  77  20:2319,  1936. 
(13)  EUlott,  K.  A.  C,  Grelg,  H.  E.,  and  Benoy,  M.  P.,  Blochem.  J.  ^:1003,  1937.   (lU)  Warburg,  0..  Posener,  K.,  and 
Begelein,  E.,  Blochem.  Ztschr.  1^:309.  1921t.  (15)  Well-Malherbe,  H.,  Blochem.  J.  ^:2257,  1938.  (16)  Roberts,  S.,  and 
Szego,  C.  M.,  J.  Biol.  Chem.  (in  press).   (17)  Lardy,  B.  A.,  and  Phillips,  P.  H. ,  Am.  J.  Physiol.  138:7ltl,  19lt3.   (18) 
Lardy,  H.  A.,  Hansen,  R.  G. ,  and  Phillips,  P.  H. ,  Arch.  Blochem.  6:41,  19lt5. 

RtYlevers!   Barker,  S.  B. ,  Dickens,  F. ,  Elliott,  K.  A.  C,  Jandorf,  B.  J.,  Krebs,  H.  A..  MacLeod,  J..   Quastel.  J.  H 
Scholefield,  P.  0. 


136.   OXYGEB  CONSUMPTIOH:  REPRODUCTIVE  TISSUES,  PLACEmA,  MafflRAHES,  AHD  EMBRYO 


Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

Data  Coordinates 
and  Footnotes 

Contributors 
and  References 

1,2  ABC 
3,15,16,18  ABC 
It,  5  ABC 
6  ABC 

la 
2a 
3a 
lia,5a,6a,7a 

7,8  ABC 

9  ABC 

10  ABC 

11  ABC 

6a 
Sab 
Ita 
9ab 

12  ABC 

13  ABC 
lit   ABC 
17  ABC 

Ita,  10a 
llab 
11a 
12a 

Contributors :   (a)  Barker,  S.  B.   (b)  Quastel,  J.  H.,  and  Scholefield,  P.  G. 

References;  (l)  Laser,  H.,  Blochem.  J.  ^:l671,  1937.  (2)  Bell,  W.  B.,  Brooks,  J.,  and  Jowett,  M.,  J.  Cancer  Res.  12:369, 

1928.  (TI  Kumanomldo,  S.,  Blochem.  Ztschr.  122:315,  1928.  (1*)  Dickens,  F.,  and  Grevllle,  G.  D.,  Blochem.  J.  22:832,  1933. 
(5)  Grieg.  M.  E.,  Munro,  M.  P.,  and  Elliott,  K.  A.  C,  Blochem.  J.  ^-.Itki,   1939.  (6)  Heedhan,  J.,  Proc.  R.  Soc,  B.  110:lt6, 

1932.   (7)  Warburgj  0.,  Posener,  K.,  and  Kegelein,  E.,  Blochem.  Ztschr.  152:309.  1921t.   (8)  Well-Malherbe,  H.,  Blochem.  J. 

22:2257,  1938.   (9)  Negeleln.  E..  Blochem.  Ztschr.  _165: 122,  1925.   (10)  Kleiber,  H.,  Cole,  H.  H.,  and  Smith,  A.  H.,  J.  Cell. 
Compar.  Physiol.  22:167,  19113.  (11)  Fujita,  A.,  Blochem.  Ztschr.  197:175,  1928.  (12)  Murphy,  J.  B.,  and  Hawkins,  J.  A., 
J.  Gen.  Physiol.  Hril5,  1925. 


Reviewers :  Barker,  S.  B.;  Dickens,  F.j  Elliott,  K.  A.  C;  Flexner,  L.  B.;  Jandorf,  B.  J. 
J.;  Moore,  R.  0.;  Quastel,  J.  H.j  Scholefield,  P.  G. 


Kleiber,  M. |  Krebs,  H.  A.;  MacLeod 


137.  CORRELATIOH  OF  OXYGEN  CONSUMPTIOH  WITH  BODY  SIZE:   mVEHTEBRATES 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  B-E 

12b 

11  B-D  4  Fn  2 

la 

20  B-D  &  Fn  2,7,8 

11a 

2   B-E  &  Fn  2 

la 

12  B-D  &  Fn  2 

6a 

23  B-D  &  Fn  5 

7a 

3  B-D  &  Fn  3 

2a 

13  B-E  &  Fu  2 

5a 

2U   B-D  &  Fn  3 

3a 

It   B-D  &  Fn  It 

3a 

lit  B-E  4  Fn  2 

la 

25  B-E  &  Fn  3 

9a 

5  B-D  &  Fn  3 

Ita 

15  B-D  &  Fn  3 

13a 

26  B-D  4  Fn  3 

8a 

7  B-E  &  Fn  It, 5, 6 

la 

16  B-E  &  Fn  3 

13a 

27  B-E  &  Fn  U 

9b 

9  B-E  &  Fn  It 

5a 

17  B-E  &  Fn  3 

3a 

28  B-E  8.  Fn  U 

la 

10  B-D  t  Fn  2 

6a 

18,19  B-E  &  Fn  2,3 

9a 

29  B-E  a>  Fn  It 

10a 

Contributors :   (a)  von  Bertalanffy,  L.   (b)  Macfadyen,  A. 

References :  (1)  von  Bertalanffy,  L.,  and  Muller,  I.,  Rlv.  blol.  ^'.kS,   191t3.  (2)  Kruger,  F.,  Zschr.  wlss.  Zool.  152:51«7. 
191*0.  (37  Muller,  I.,  Blol.  Zbl.  62:1*46,  191*3.  (I*)  Kruger,  F.,  Zschr.  Vergl.  Physiol.  2^:1,  1952.  (5)  Krywlenczyk,  J., 
Zechr.  Vergl.  Physiol.  2)*:6,  1952.  (6)  Fusser,  H.,  and  Kruger,  F.,  Zschr.  Vergl.  Physiol.  22  =  1'*,  1951.  (7)  Janoarik,  A., 
Pub.  Fac.  Sci.  Univ.  Masaryk  m.:305,  191*8.   (8)  von  Bertalanffy,  L.,  and  Krywlenczyk,  J.,  Am.  Natur.  87:107,  1953.   (9) 
Will,  A.,  Zschr.  Vergl.  Physiol.  2it:20,  1952.  (10)  (tiller,  I.,  Zschr.  Vergl.  Physiol.  22:139,  WS-  111)  Weymouth,  F.  W., 
et  al.,  Physiol  Zool.  12:50,  1944.  (12)  Holter,  H.,  Conpt.  rend.  Laborat.  Carlsberg  24:399,  1943.  (13)  Krywlenczyk,  J., 
Zechr.  Vergl.  Physiol.  ^:6,   1952. 

Reviewers;  Fry.  F.  E.  J.;  Rriiger,  F.;  Macfadyen,  A.;  von  Bertalanffy,  L.;  Weymouth,  F.  W.j  Zeuthen,  E. 
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136.   UUma  COKSIMFTIOI:  EHDQPABASrnc  HQMDirBS 


IJata  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  BCD 

la 

U,15,l6  BCD 

7a 

26  BCD 

la 

2-*  BCD 

2a 

17  BCD 

la 

27  BCD 

9a 

5  BCD 

3a 

18-22  BCD 

7a 

28  BCD 

10a 

6,7  BCD 

l>a 

23  BCD 

8a 

29  BCD 

10a,  Ua 

B-10  BCD 

5a 

ak  BCD 

la 

50,31  BCD 

12a 

11  BCD 

6a 

25  BCD 

7« 

52  BCD 

7a 

12,15  BCD 

la 

Contributor:   (a)  SllTenaan,  M. 

References:   (1)  Lazarus,  H. ,  Australian  J.  Scl.  Res.  B5:2l»5,  1950.   (2)  Bueding,  E. ,  J.  Gen.  Riyslol.  55:'t75,  1950.   (3) 
ran  Grembergea,  G. ,  Enrjioolgla  15:al>l,  19't9.   Ct)  Frledhein,  E.  A.  H. ,  and  Baer,  J.  G. ,  Blochan.  Z.  26^7529,  1955.   (5)  Alt, 
H.  L.,  and  Tlscher,  0.  A.,  Proc.  Soc.  Eiptl.  Biol.  Med.  29:222,  1951.   (6)  Stannari,  J.  V. ,   McCoy,  0.  R. ,  and  Latchford,  W. 
B.,  Ab.  J.  Hyg.  27:666,  1958.   (7)  Rogers,  W.  P.,  Parasitology  59:105,  igW.   (8)  roa  Brand,  T.,  Biol.  Bull.  82:1,  19^2.  (9) 
Laser,  H.,  Blochai.  J.  58:553,  19't'*.   (10)  Adam,  W. ,  z.  rerglelch.  Physiol.  l6:229,  1952.   (11)  von  Brand,  T.,"z.  Verglelch. 
Physiol.  21:220,  193't.  ~Jl2)   Kreuger,  F.,  Zool.  Jahrb.  Abt.  allgem.  Zool.  57:1,  1956. 

Berleners:   Borelll,  G.  D.  j  Paretsky,  D.;  Pedlow,  J.  T.;  Silverman,  M.;  von  Brand,  T. 


159.   OXYGEB  COSSUMFTIOH:   PARASITIC  PROTOZOA 


DaU  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1-5  BCD 

lb 

9  BCD 

5a,9b 

18  BCD 

5a, 12b 

k  BCD 

2b,5b,ltb 

10  BCD 

5a,l.b,10b 

19  BCD 

9b 

5  BCD 

5ab,ltb 

n-U  BCD 

9b 

20  BCD 

5a,9b 

6  BCD 

2b,5b,ltb,5b 

15  BCD 

5a, lib 

21  BCD 

15b 

7  BCD 

5a 

16  BCD 

9a 

22  BCD 

lUb 

8  BCD 

7b,8b 

17  BCD 

5a,9b 

25-29  BCD 

15b 

Contributors :   (a)  Chang,  S.  h.      (b)  Silverman,  M. 

References:   (1)  Lwoff,  A.,  Zentr.  Bakt.  Parasiteni.  Abt.  I.  Orlg.  130:'>96,  195^.   (2)  Adler,  S. ,  and  Ashbel,  R.,  Arch,  zool., 
ital.  20:521,  193't.   (5)  von  Brand,  T.,  and  Johnson,  E.  M. ,  J.  Cellular  Comp.  Riysiol.  29:53,  19't7.   (■>)  Chang,  S.  L. ,  J. 
Infect7"Dls.  82:109,  igiS.   (5)  Fultoa,  J.  D. ,  and  Joyner,  L.  P.,  Trans.  Roy.  Soc.  Trop.  Med.  Hyg.  '•3:273,  19I19.   (6)  Relaer, 
L. ,  Snythe,  C.  v.,  and  Pedlow,  J.  T.,  J.  Biol.  Chem.  113:75,  1956.   (7)  Moulder,  J.  M. ,  Science  1067168,  19't7.   (8)  Moulder, 
J.  W. ,  J.  Infect.  Dls.  85:'»2,  I9U8.   (9)  von  Brand,  T.,  Toble,  E.  J.,  and  Mehlman,  B. ,  J.  Cellular  Comp.  Biyelol.  55:273,  1950. 
(10)  von  Brand,  T.,  Johnson,  E.  M. ,  and  Rees,  C.  W. ,  J.  Gen.  Physiol.  30:163,  iglte.   (11)  Harvey,  S.  C,  J.  Biol.  Chem.  179: '*35, 
I9I19.   (12)  Christophers,  S.  R. ,  and  Fultoa,  J.  D. ,  Ann.  Trop.  Med.  Parasitol.  82:'t5,  1958.   (13)  Riednueller,  L. ,  Zentr. 
Bakt.  Parasitenk.  Abt.  I.  Orig.  137:lt28,  1936.   (lU)  Williams,  R.  Maasart,  L. ,  and  Peeters,  G. ,  Ratunflssenschaften  50:169, 
19112.   (15)  Maier,  J.,  and  Coggeshall,  L.  T. ,  J.  Infect.  Dis.  69:87,  19'tl. 

Reviewers :  Chang,  S.  L. ;  Novelli,  G.  D.;  Paretsky,  D.;  Pedlow,  J.  T.;  Silverman,  H.;  von  Brand,  T. 


lUO.   RATES  OF  RESPIRATION:   LEAVES 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1   BCD 

Ic 

8  BD 

Ta 

17  BCD 

l6c 

Fn  2 

2c 

9  BC 

6d 

18  BD 

17b 

2  BCD 

3c 

10  BC 

10b 

19  BC 

18c 

5  BD 

Uc 

Fn  7 

11a 

20  BC 

Itb 

U  BD  *  Fn  5 

5abc 

11  BC  *  Fn  8 

12a 

21  BC 

19b 

5  BD  4  Fn  U 

21c 

12  BD 

9bc 

22  BD 

20c 

6  BC 

7a 

15  BC  4  Fn  9 

7a 

25  BC 

6b 

7  BD 

9c 

lU  BCD  4  Fn  10 

15c 

1,2, lit, 17  E 

Calc.  fr  col.  C, 

Fn  6 

6b 

15  BD 

16  BC 

lltb 
15c 

D  4  Fn  1 

Contributors:   (a)  Fidler,  J.  C.   (b)  Klein,  R.  M.   (c)  I^on,  C.  J.   (d)  Thomas,  M. 

References:   (1)  lam,   E.  W. ,  Proc.  Roy.  Soc.  Lond.  B117:50't,  1955.   (2)  PhiUips,  J.  W. ,  Am.  J.  Bot.  5j»:62,  191*7.   (3)  Malge, 
0.,  Ann.  Scl.  Nat.  Bot.  (IX)  l|t:l,  1911.   (••)  Richards,  H.  M.,  Ann.  Bot.  10:551,  I896.   (5)  Marsh,  P.,  aal  Goddard,  D.  R. ,  Am. 
J.  Bot.  26:72'',  1959.   (6)  Audua,  L.  J.,  New  Phytol.  38:28lt,  1939.   (7)  Ranson,  S.  L. ,  (unpublished).   (8)  Sherman,  H. ,  Bot. 
Oaz.  ]2:1,   1921.   (9)  Beatty,  A.  V.,  Am.  J.  Bot.  55:l'i5,  19't6.   (10)  McKenzle,  K.  A.,  Proc.  Am.  Hort.  Soc.  28:2l»J»,  1931.   (11) 
Rose,  D.  H.,  et  al.,  U.  S.  Dept.  Agr.  Clrc.  278,  1958.   ( 12 )  Bushnell ,  J . ,  Mo.  Agr.  Exp.  Sta.  Tech.  Bull.  3't,  1925.   (15) 
Aubert,  E. ,  Rev.  Gen  de  Bot.  U:205,  1892.   (l"*)  Malge,  M.  ,  Rev.  Gen.  Bot.  21:52,  1909.   (15)  Laing,  H.  E. ,  Am.  J.  Bot.  27:585, 
ig"*©.   (16J  Bonner,  J.,  and  Wlldman,  S.  G. ,  Arch.  Blochan.  10:'»97,  19''6.  717)  Kenpner,  W. ,  Plant  Riyslol.  11:605,  1956T~  (I8) 
Oustafson,  F.  G. ,  Am.  J.  Bot.  17:1,011,  1950.   (19)  Hartenburg,  W.,  Jahrb.  Wles.  Bot.  85:6'H,  1959.   (20)  Allen,  P.  J.,  aM 
Ooddard,  D.  R. ,  Am.  J.  Bot.  25TEl5,  1958.   (21)  Olrton,  R.  E.   (unpublished). 

Reviewers:  Ashcroft,  R. ;  Bradbeer,  J.  U. ;  Brown,  J.  M.  A.;  Burris,  R.  H.|  Conasner,  B.)  Coult,  D.  A.;  Fidler,  J.  C.|  Glrton, 
R.  E.;  Gustafson,  F.  G.;  Hansen,  E.;  Kltchell,  A.  G.;  Klein,  R.  M. ;  I^on,  C.  J.;  R&nscB,  S.  L.;  Robertson,  R.  N.)  Saock,  R.  M. , 
Thoaas,  M. ;  Ulrlch,  R.;  Walker,  D.  A.;  Yecnan,  M.  M. 
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1*H-.  BATES  OF  HB3PlM!riQli>  SOOTS,  HHIZCMES,  TUBERS,  BDL26 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  BC  &  rn  2,3 

lA 

6  BC 

5b 

Fn  10 

7a 

2  ICD 

2c 

7,8  BC  i  Fn  7,8 

la 

Pn  11 

5b 

Fn  U,5 

la 

9  B  D  &  rn  9 

c 

lit  BC  &  Fn  12 

la 

5  B  D  &  Fn  6 

9c 

10  JC 

fib 

15  B  D  *  Fn  13 

lib 

It  B  D 

lOb 

11  BC 

8e 

2,13  E 

r.nlr.    fr,   Cnl .   C, 

5  BC  1  Fn  2 

lib 

12  BC 

6b 

D  i  Fn  1 

15  BCD 

6c 

5  E 

12d 

ContrtbntorB:   (a)  Piaier,  J.  C.   (b)  KLeln,  R.  M.   (c)  Isyon,   C.  J.    (a)  Glrton,  H.  E. 

ReferenceB:  (1)  Ro«e,  D.  H. ,  et  al. ,  U.  3.  Dept.  Agr.  Clrc.  278,  1956.  (2)  FL«tenlu»,  H. ,  Plant  njyslol.  18:671,  1945.  (5) 
AjrplemBii,  C.  0.,  and  Brown,  R.  G. ,  Ab.  J.  Bot.  33:170,  19'»6.  t*)  Thonrton,  «.  C,  Contrlb.  Bojrce  nicajMOn  Inst.  5:371,  1955. 
(5)  Vhltehead,  T.,  ftm.  Appl.  Biol,  a.:^,  195^.  (6)  Richards,  E.  M. ,  Ann.  Bot.  10:551,  l896.  (7)  HuelLn,  F.  E.,  aid  Baker, 
J.,  Hew  aytol.  58:65,  1959.  (8)  Lalng,  H.  E. ,  Am.  J.  Bot.  £7:57'*,  191*0.  (9)  Glrton,  B.  E.  (m^ubllalied).  (10)  fclmn,  B., 
(uijjubllBhed) .  Til)  Said,  H. ,  and  ShlBllng,  E.  D.  H.,  Flant  Pbyilol.  19:660,  19Wt.   (12)  leal,  K.   J.,  Thesis,  Purdue  UdT. 


Bevleifers:  Ashcroft,  R.)  Bradbeer,  J.  W.;  Broifn,  J.  M.  A.;  Burrls,  R.  H-;  Conoooer,  B.;  Coult,  D.  A.j  FldLer,  J.  C;  Glrton, 
R.  E.;  GuBtafson,  F.  G.;  Hansen,  E. ;  ICltchell,  A.  G. ;  Klein,  R.  M. ;  l^nsn,  C.  J.;  Ranscm,  3.  L. ;  Robertson,  R.  H.;  Snock,  R.  M., 
Thamas,  M.;  Ulrleh,  R.;  VsDcer,  S.  A.;  Teanm,  M.  K. 


U2.   RATES  OF  RB5FIRATI01I:   SEED6 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  B  D 

lb 

6  B  D  *  Fn  k 

5b 

10  B  D 

U> 

2  BCD 

2c 

7  BC  *  Fn  5 

3b 

11  C  »  Fn  5 

7b 

m  2 

3b 

8  BC 

lOb 

12  BC  i  Fn  5 

3b 

3  BC  &  Fn  5 

1* 

Fn  6 

6a 

15  BC  &  Fn  7 

8b 

U,5  B  D 

lb 

9  B  D 

lb 

111  BC  *  Fn  5 
Fn8,9 

3b 

9c 

Contributors:   (a)  Fldler,  J.  C.   (b)  Klein,  B.  M.   (c)  Ijron,  C.  J. 

References: 

/I/  ShermMi,  B.,  Bot.  Qai.  ;^:  1,  1921.   /2/  Steward,  F.,  Ann.  Bot.  ^:  klj,  1906.  /3/  BaUey,  C.  H.,  Plant  Physiol.  15: 
257,  19U0.  /!»/ Blcolas,  G.,  Ann  Scl.  Nat.  Bot.  10:  1,  1909.  /5/  Pack,  D.  A.,  Bot.  Oar.  71:  32,  1920.  /6/  Snlth,  A.J.M., 
and  Gane,  B.,  Report  of  the  food  InvestlgatloD  board,  Londoo:   H.  M.  Stationery  Office,  I93U.   /7/  Levin,  M.,  Deutsch, 
Bot.  Oes.  di:   100,  1905.   /B/  Colenau,  dT  A.,  et  al.,  U.  S.  Dept.  Agr.  Tech.  BuU.  100,  1928.   /9/  Bonnier,  G.,  and  Man- 
gin,  L.,  Ann.  des  Scl.  Bat.  Bot.  §8:  293,  I86U.  /lo/  Platenlus,  H.,  Plant  Physiol.  IJ:  179,  19'<2- 

BCTleners!  Aahcroft,  H. ;  Bradbeer,  J.  W. ;  Brovn,  J.  M-  A.;  Burrls,  R.  H.;  Ci^iiiir,  B.;  Coult,  D.  A.;  Fldler,  J.  C;  Glrton, 
H.  E.;  Gustafson,  F.  G.;  Hansen,  E.;  Kitchell,  A.  0.;  Klein,  R.  ILj  Ijron,  C.  J.;  Ransca,  S.  L.;  Robertson,  R.  B.;  SKck,  R.  M., 
Thoaas,  M.;  Dlrlch,  R.{  HaUer,  D.  A.i  Yeanm,  M.  K. 


IVS.   RATES  OF  RESPIHATIOB:   FSUTTS 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  B  D 

lb 

5  BCD  *  Fn  5 

5c 

11   B  D 

10b 

1  C  J.  Fn  2 

la 

6  B  D 

6b 

U  C  i  Fn  7 

9e 

2  BCD 

?»<1 

tBC 

7d 

12  BCD  4  Fn  8 

lie 

5  D 

2d 

Fn  6 

8b 

1,2, 5, U, 12  E 

Calc  f r  col  C ,D  & 

5  B  D  &  Fn  3 

5h 

8  B  D 

6b 

Fn  1 

Fn  ". 

5e 

9  BC 

Sb 

l»,10  E 

>la 

k  BC 

kb 

10  BC 

Ub 

Contributors:   (a)  Glrton,  R.  K.   (b)  KLeln,  R.  M.   (c)  lyou,  C.  J.   (d)  Thomas,  M.   (e)  Ulrleh,  R. 

References:   (1)  Shaw,  S.  T.,  Plant  Physiol.  17:80,  19k2.   (2)  Biale,  J.  B. ,  Am.  J.  Bot.  55:363,  19't6.   (3)  Olney,  A.  J., 
Bot.  Gaz.  85:IH5,  1926.   (4)  Platenlus,  H. ,  Plant  Hiyslol.  17:179,  19'>2.   (5)  Blale,  J.  B.,  and  Young,  R.  E. ,  Am.  J.  Bot.  5!*: 
501,  I9I17.   (6)  Haller,  M.  H. ,  et  al.,  Proc.  Am.  Hort.  Soc.~26:585,  1951.   (7)  Jones,  W.  W. ,  and  Kubota,  H. ,  Plant  Physiol. 
15:711,  19ltJt.   (8)  Luthra,  J.  C,  Hew  Phytol.  23:131,  192't.  ~r9)  Oyerholser,  E.  L. ,  et  al..  Plant  Fhyslol.  6:5119,  1931.   (10) 
Gelbart,  A.  R. ,  Bot.  Gaz.  89:1*0,  195O.   (11)  Gustafson,  F.  G. .  Am.  J.  Bot.  25:1*1*1,  1956. 


Rerl ewers:  Ashcroft,  R. ;  Bradbeer,  J.  W. ;  Brown,  J. 
R.  E. ;  Gustafson,  F.  G,  j  Hansen,  E.;  Kitchell,  A.  Q.j 
Tbcnas,  M.;  Ulrleh,  R.;  Walker,  D.  A.;  Teonan,  M.  M. 


M.  A.)  Burns,  R.  H.J  C 
'  Klein,  R.  M.)  Lyon,  C.  J. 


B.J  Coult,  D.  A.J  Fldler,  J.  C.j  Glrton, 
RansoD,  S.  L.J  Robertson,  R.  H.j  Smock,  R.  M. , 
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iWt.      RATES  OF  RESPIRATION:      MOSSES,    FERNS 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

l,2,li  BD 

la 

8  BC 

5a 

Ht,15  BCD  &  Fn  7, 

}  ED  &  Fn  2 
5,6  CD  8.  Fn  J,"! 
7  BC 

2a 

9,10  BD  &  Fn  6,7,8 

6a 

11,12 

7b 

}b 

11,12  BCD  &  Fn  7, 

7b 

5,6,U,12,ll»,15  E 

Calc.   fr.   Col.   C, 

Ua 

9,10 

7b 

D  &  Fn  1 

15  BC 

5a 

Contributors:      (a)  Klein,  R.  M.      (b)  lofon,  C.  J. 

References:    (1)  Usami,  S.,  Acta  Phytochim.   9:287,  1957.      (2)  Frajmouth,  J.,  Ann.   Hot.   U2:75,  1928.      (5)  jSnsson,  B.,  Conipt. 
Bend     lig-liUO     l89lt.      ("•)  Hartenburg,  W. ,  Jahr.  Wlss.   Bot.  85:61tl,  1957.      (5)  Stoker,  0.,  Tab.   Biol.   5:671,  1929.      (6) 
BelehrSik,  J.,  aoi  Belehradekova,  M. ,  New  Phytol.   28:515,  1929.      (7)  Maige,  G. ,  Ann.   Scl.   Nat.   Bot.   Series  9,  lii:l,  1911. 

Reviewers:     Blinks,  L.   R.;  Fldler,  J.  C;  Gaffron,  H.;  Olrton,  R.   E.;   Custafson,  F.  G.;  Hansen,  E.;   Lyon,  C.  J.;  Hyers,  J.; 
Robertson,  R.   N.;   Smock,  B.  H. ;  Thooas,  M. ;  Voth,  P.   D. 


Iks.      RATES  OF  RESPIRATION:      FUNGI,    LICHENS 


Data  Coordinates 
and  Footnotes 


Contributors 
and  Referenced 


Data  Coordinates 
and  Footnotes 


Contributors 
and  References 


Data  Coordinates 
and  Footnotes 


Contributors 
and  References 


1  BCD  &  Fn  5 
Fn  1. 

2  BCD  8e  Fn  5 

5  B  D  &  Fn  5 
"•,5  B  D  &  Fn  6,7 

6  B  'D  &  Fn  5 

7  B  D  &  Fn  8 

8,9  B  D  &  Fn  9,10 


9b 

9a 

lb 

lOa 

2b 

9a 

5a 

Ub 


10,11  BCD 

■^t 

Fn  11,12 

%c 

12  B  D  &  Fn  15 

6a 

15  BC  Se  Fn  5 

11a 

111, 15  B  D  &  Fn  lU, 

15 

7b 

16  B  D  &  Fn  6 

12a 

17  BC  8.  Fn  5 

9a 

l8  B  D  4  Fn  5 

15a 

19  B  D 

9a 

20  B  D  &  Fn  5 

8a 

21  BCD 

lUb 

22  BC  &  Fn  5 

15a 

1,2,10,22  E 

Calc.   fr.    col. 

C  &  Fn  1 

lU  E 

l6c 

Contributors:      (a)  Klein,  R.   M.        (b)  Lyon,  C.  J.      (c)  Thomas,  M. 

References:      (1)  Ralstrlck,  H. ,  et  al. ,  Trans.  Roy.   Soc.   London  B220:   1,  1951.      (2)  Nlckerson,  W.  J.,  and  Edwards,  G.   A., 
J.  Gen.   Physiol.   55:'»1,   19'»9.      (5)  Gould,  B.   S.,  and  Tytell,  A.  A.,  J.   Gen.   Physiol.   2U:655,  19U1.      (U)  Darby,  R.  T.,  and 
Goddard,  D.   R. ,  Am.  J.   Bot.    57:579,   1950.      (5)  Goddard,  D.  R. ,  and  Smith,  P.   E. ,   Plant  Physiol.   15:2'»1,  1958.      (6)  Wolf, 
F..T.,  Arch.   Blochem.   15:85,   19117.      (7)  Allen,  P.  J.,  and  Price,  W.   H. ,  Am.  J.   Bot.    37:595,   1950.      (8)  Nlckerson,  W.  J., 
and  Carroll,   H.   R.,  J.  Cell,   and  Comp.   Physiol.    22:        ,   19l*5.      (9)   Bonnier,  G. ,   and  Mangln,   L. ,   Ann.   Scl.   Nat.    Bot.    17:210, 
I88U.      (10)  Tamlya,  H. ,  Adv.   Enzym.   2:l85,  19U2.      (11)  Wasslnk,  E.  C,  Rec.  Trav.   Bot.   Neerl.   51:585,  1951*.      (12)  Klein, 
D.  T.,    (unpublished).      (15)  Elvehjem,  C.  A.,  J.   Biol.  Chem.   90:111,   1951.      (lit)  Jumelle,  H. ,  Rev.   Gen.   Bot.   U:li9,  1892. 
(15)  Smyth,  E.   S.,  Ann.  Bot.   1*6:781,  195l».      (16)  Wanner,  H. ,  Arklv.   Botanik.    5IA  (9),  19l*lt. 

Reviewers :     Blinks,  L.   R. ;  Fldler,  J.  C.j  Gaffron,  H.;   Glrton,  R.   E.;   Gustafson,  F.  G.;  Hansen,  E.;   Lyon,  C.  J.;   Myers,  J.; 
Robertson,  R.   N. ;   Smock,  R.  M.;  Thomas,  M.;   Voth,  P.   D. 


Ilt6.      RATES  OF  RESPIRATION:      ALGAE 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1   B  D 

6b 

6  B  D  &  Fn  It 

8a 

12,11*  D  &  Fn  7 

5a 

2  B  D 

7a 

7  B  D  &  Fn  2 

2b 

15  BCD 

Ub 

3  BCD  &  Fn  2,3 

lb 

8,9  BCD  &  Fn  5,6 

3b 

15,16  B  D  1  Fn  7 

5a 

U  B  D 

5a 

10  BCD 

Ub 

17  BCD 

Ub 

5  B  D 

7a 

11  B  D 

7a 

5,8,9,10,15,17  E 

Calc.   fr  col  C,D 
&  Fn  1 

Contributors:   (a)  Klein,  R. 


(b)  I^on,  C.  J. 


Referepcee: 

/I/  Cramer,  M.,  and  Ktyera,  J.,  Plant  Physiol.  2U:  255,  19U9-  /2/Gaffron,  H.,  J.  Gen.  Physiol.  28:  259,  19U5.  Ill   Pal, 
N.  L.,  Hew  Phytol.  33:  2Ul,  193U.  /U/  Hoffman,  C,  Jahr.  Wlss.  Bot.  71:  2lU,  1929.  /5/  Stocker,  0.,  Tab.  Biol.  ^.   683, 
1929.  /6/  Webster,  G.  C,  and  Frenkel,  A.  W.,  Plant  Physiol.  28:  63,  1953.  /7/Watanabe,  A. ,  Acta  Phytochim.  6:  315, 
1932.  /8/  Ross,  E.,  An.  J.  Bot.  25:  U58,  193b. 

Reviewers:  Blinks,  L.  R.;  Fldler,  J.  C;  Gaffron,  H. ;  Glrton,  R.  E.;  Gustafson,  F.  G.;  Hansen,  E.;  Lyon,  C.  J.;  Myers,  J.; 
Robertson,  R.  H.;  Smock,  R.  M. ;  Thcnas,  M. ;  Voth,  P.  D. 
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ikT.      CKYGEH  COIBUMFTION:   BACTERIAL  SUSPEBSIOSS 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  BCD 

lb 

9  BCD 

9b 

27  BCD 

I6b 

2  BCD 

2b,31J 

10  BCD 

10b 

28  BCD 

17b 

3A  BCD 

Ub 

U-15  BCD 

lib 

29  BCD 

18b 

5  BCD 

5b 

16-25  BCD 

12b 

50,51  BCD 

19b 

6  BCD 

6b 

2U  BCD 

IJb 

Fn  1,2,3 

19a 

7  BCD 

7b 

25  BCD 

lUb 

52,55  BCD 

9b 

8  BCD 

aj,6b 

26  BCD 

15b 

5^  BCD 

20b 

Contributors:   (a)  Pedlov,  J.  T.   (b)  SllTsman,  M, 

"«f''"'^''°-   '!>  Meyerhof,  0.,  and  Burk,  D. ,  Z.  Fbyalc.  Chen.  A  159:117,  1928.   (2)  AJl,  S.  J.,  J.  Bact.  59-lt99.  1950 
TjTaJITs.  J.,  and  Wong,  T.  0.,  J.  Bact.  61:579,  1951.  (h)   hI3S?sod,  W.  J. ,  and  Sherman,  F.  G.,  J.  BactT  6i^667  1952 
(5)  Gary,  H.  D.,  and  Bard,  R.  C,  J.  Bact.^:501,  1952.   (6)  Crook,  P.  G. ,  J.  Bact.  65:195,  1952   (7)  LenS?'  S   and  ' 
Kra,q,ltz,  L.  0.,  J.  Bact.  64:6*5,  1952.   (8rKrebs,  H.  A.,  Blochem.  J.  31:^5,  1957.   (9)  ^eln,  R.  M  iS  hazier  W 
L.,  J.  Bact.  it2:501,  19*1.   (10)  Chang,  S.  C,  Sllvemian,  H. ,  and  Kereszteoy,  J.  C,  J.  Bact.  62:755,  1951.   (11)  Buihelaer 
T.  D.,  and  Fabian,  F.  W. ,  J.  Bact.  W:215,  19^2.   (12)  Bdson,  H.  L. ,  and  Huiier,  G.  J.  E.,  BloSeia  i  57-565  190.^(1?) 
^^'^   ^4.^-,'if  ^''^r,  ^-l   "*  Solotororeky,  M. ,  J.  Bact.  59:29,  1950.   (1*)  Bemhelm,  F.,  and  ^n^^.H.   L  C.',  J. 
Bact.  U6:225,  19I.3.   {15)  Sebek,  0.  K. ,  and  Randlee,  C.  I.,  j" Bact.  63:693,  1952.   (I6)  Seeley,  H.  W   and  VanderWk  P  J 

iJl'  \i2'      '"    ■*'  «■  °-'  "^  Shelbume,  M.,  J.  Bact.  IO:l.ll,  19*2.   (20)  Cochrane,  V.  W.,  and  Glbb.,  M. ,  J.  Bact.  61: 
505f  1951.  — 

Revlevers:  Kovelll,  0.  D.;  Paretsky,  D.;  Pedlov,  J.  T.;  Sllrennan,  M.j  von  Brand,  T. 


IH8.   BASAL  METABOLISM:   MAR 

All  valuee:   (a)  Boothby,  V.  M.,  from  smoothed  curve  baaed  on  references  1,  2,  5.  All  ranges:   (b)  DuBols,  E.  F.,  from 
coefficients  of  variation  for  data  from  reference  2,  3,  '*,  5,  6. 

Hef erences :  (l)  Boothby,  W.  M.,  Berkaon,  J.  and  Dunn,  H.  L.,  Am.  J.  Physiol.  ll6:U68,  1956.  (2)  Robertson,  J.  D.,  and 
Reld,  D.  D.,  Lancet  2:9lt0,  1952.  (3)  Harris,  J.  A,  and  Benedict,  F.  S.,  Carnegie  Inst,  of  Washington  Publ.  279,  1919. 
(It)  Lewis,  R.  C,  Kinsman,  G.  M.,  and  Illff,  A.,  Am.  J.  Dls.  Child.  ^-.iM,  1^7.  (5)  Levis,  R.  C,  Duvall,  A.  M.,  and 
Illff,  A.,  J.  Pediatrics  2^:   ,  191*5.  (6)  Berkaon,  J.  and  Boothby,  W.  M.,  Am.  J.  Hiyslol.  121:669,  1938. 

Revlevers :  Berkaon,  J.j  Boothby,  W.  M.;  Carpenter,  T.  M.;  DuBols,  E.  F. 


Ill9.  COMPARISOH  OF  STAHDARDS  OF  BASAL  METABOLISM:  MAH 


Contributor;   (a)  DuBols,  E.  F. 


References:   (1)  Col.  B,  table  H*8  of  this  publication.  (2)  Col.  C,  Flelsch,  A.,  Helvetica  Med.  Acta,  18:23,  1951-  (3) 
Col.  D,  Robertson,  J.  D.,  and  Reld,  D.  D.,  Lancet,   5:9110,  1952.    (U)  Col.  E,  Levis,  R.  C,  Duval,  A.  M.,  and  Illff,  A., 
J.  Pediatrics,  2J:1,  19l»3.  (5)  Col.  F,  Boothby,  W.  H. ,  Berkson,  J.,  and  Dunn,  H.  L.,  Am.  J.  Physiol.,  ll6:U68,  1956. 
Estimate  of  ordinary  range  based  on  coefficient  of  variation  of  6.91^  calculated  by  contributor  from  data  In  references: 
3,  U,  and  (6)  Berkson,  J.,  and  Boothby,  W.  M.,  Am.  J.  Physiol.  121:669,  1938.   (7)  Harris,  J.  A.,  and  Benedict,  F.  3., 
Carnegie  Inst,  of  Washington  Publ.  279,  1919.   (8)  Levis,  R.  C,  Kinsman,  G.  M.,  and  Illff,  A.,  Am.  J.  Dls.  Child. 
52:348,  1937. 

Revlevers:  Berkson,  J.)  Boothby,  W.  M. ;  Carpenter,  T.  M. ;  DuBols,  E.  F.;  Illff,  A. 
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150.   BA3AL  MBIABOLISM:   VERTEBRATES 


Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1,2  BC 

27a 

7  DJT 

9a,  10a 

U»  DEF 

6a 

1  DEF 

lU 

8  DEF 

12a 

15  BC 

22a 

2  DEF 

ll«,15a 

9  DEF 

7a 

15  DEF 

2a 

3  B-F 

8a 

10  B-F 

Ja 

16  BC 

26a 

k  BC 

29a 

11  BC 

25a 

16  DEF 

11a 

k  DEF 

19a,  20a 

11  DEF 

5a 

Fn  1 

Quoted  by  a  from  3 

5  BC 

Calc.  fr  23  4  2l4 

12  BC 

21a 

8,21, 22, 23, 21*, 25, 

5  DEF 
6-9  BC 

6  DEF 

U«»ya 

Calc.  by  a 
13a 

12  DEF 

la 

26,27,28,29 

13,  lU  BC 
15  DEF 

28a 
I6a,17a,l8« 

Fn  3 

a 

Contributor:   (a)  Mitchell,  H.  H. 

Referencea;   (1)  David,  J.  E.,  and  Van  Dyke,  H.  B.,  J.  Biol.  Chem.  100:U55,  1933.   (2)  Brlcker,  M.  L.,  and  Mitchell,  H.  H., 
J.  Nutrition  24:491,  1947.  (3)  Klbler,  E.  H.,  Brody,  S.,  and  Worstell,  D.,  J.  Nutrition  iJ: 331,  1947.  (4)  Mitchell,  H.  H., 
and  Haines,  W.  T.,  J.  Agr.  Res.  ^:549,  927,  1327.  (5)  Rakieten,  N.,  J.  Nutrition  10:357,  1935-   (6)  Lee,  M.  0.,  J.  nutri- 
tion 18:489,  1939.  (7)  Benedict,  F.  G.,  and  Lee,  M.  0.,  Carnegie  Inst.  Wash.  Publ.  489,  1937.   (8)  Bruhn,  J.  M.,  Am.  J. 
Physiol.  110:477,  1^.  (9)  Galvao,  P.  E.,  Am.  J.  Physiol.  148:478,  1947.  (10)  Kunde,  M.  M.,  and  Steinhaus,  A.  H.,  Am.  J. 
Physiol.  ^127,  1926.  (ll)  Blaxter,  K.  L.,  J.  Agr.  Sci.  28:207,  1948.  (12)  Rltzman,  E.  G.,  Waehbum,  L.  E.,  and  Benedict, 
F.  G.,  N.  H.  Agr.  Exp.  Sta.  Tech.  Bull.  66,  1936.   (13)  Bruhn,  J.  M.,  and  Benedict,  F.  G.,  Proc.  Am.  Acad.  Arts  and  Sci. 
Jg:259,  1936.   (14)  Harris,  J.  A.,  and  Benedict,  F.  G.,  Carnegie  Inst.  Wash.  Bull.  279,  1919.   (15)  McCrery,  J.,  Lamb,  M. 
W.,  and  Bavousett,  N.  D.,  J.  Nutrition  22:245,  1943.  (16)  Capstlck,  J.  W.,  and  Wood,  T.  B.,  J.  Agr.  Sci.  12:257,  1922. 
(17)  Deighton,  T.,  J.  Agr.  Sci.  12:140,  1929.   (18)  Brelrem,  K.,  Tieremahrung,  8:463,  1936.   (19)  Forbes,  E.  B.,  et  al., 
J.  Agr.  Res.  22:591/  ^926.  (20)  Ibid.,  42:1003,  1931.   (21)  Smuts,  D.  B.,  Pflflnger's  Arch,  gee  Physiol.  222:105,  1933. 
(22)  Lee,  M.  0.,  Am.  J.  Physiol.  22^24,  1929.  (23)  Meeh,  K.,  Z.  Biol.  12:425,  1879.  (24)  MltcheU,  H.  H.,  Card,  L.  E., 
and  Hamilton,  T.  S.,  111.  Agr.  Exp.  Sta.  Bull.  278,  I926.  (25)  Lee,  M.  0.,  and  Fox,  E.  L.,  Am.  J.  Physiol.  106:91,  1933. 
(26)  Mitchell,  H.  H.,  111.  Agr.  Exp.  Sta.  Ann.  Rept.  1927,  pl55.   (27)  DuBols,  D.,  and  DuBols,  E.  F.,  Arch.  Int.  Med., 
11:863,  1916.   (28)  Brody,  A.,  Comfort,  J.  E.,  and  Matthews,  J.  S.,  Mo.  Agr.  Exp.  Sta.  Res.  Bull.  II5,  1928.   (29)Moulton, 
C.  H.,  J.  Biol.  Chem.  24:299,  1916. 

ReYlevers:  Brody,  S.;  Bruhn,  J.  M. ;  Forbes,  E.  B. )  Klbler,  H.  H.j  Kunde,  M.  M.  H.j  Landauer,  W. ;  Lee,  M.  0.;  Mitchell,  H.  H. ) 
Rakieten,  B. j  Rltznan,  E.  G.j  Swift,  R.  W. 


151.  BASAL  AND  REOTIHG  ENERGY  METABOLISM:   BEEF  CATTLE 

References:  Values  calculated  and  adapted  from  Brody,  S.,  Comfort,  J.  E.,  Klbler,  H.  H.,  and  Worstell,  D.  M.,  Mo.  Agr.  Exp. 
Sta.  Res.  Bull.  404  and  115;  and  contributed  by  Brody,  S. 

Reviewers:  Brody,  S.;  Colovos,  B.  F.;  Mitchell,  H.  H.;  Ritzman,  E.  G.;  Winchester,  C.  F. 


152.   RESTING  ENERGY  METABOLISM:   DAIRY  CATTLE 

References:  Values  calculated  and  adapted  from  the  data  In  Brody,  S.,  Klbler,  H.  H.,  and  Ragsdale,  A.  C,  Mo.  Agr.  Exp.  Sta. 
Res.  Bull.  335  and  350;  and  contributed  by  Brody,  S. 

Reviewers:   Brody,  S.;  Colovoe,  N.  F.;  Klbler,  H.  H.;  Mitchell,  H.  H.;  Ritzman,  E.  G.;  Winchester,  C.  F. 


153.  RESTING  ENEROY  METABOLISM:   GOATS 

Reference :  Contributed  and  adapted  from  Brody,  S.,  Res.  Bull.  291,  Univ.  of  Missouri,  Agr.  Exp.  Sta.,  1958. 
Reviewers:  Brody,  S.;  Carpenter,  T.  M.;  CoIotob,  B.  F.;  Mitchell,  H.  H.;  WlncheBter,  C.  F. 

154.   BASAL  ABD  RESTING  ENERGY  MBIABOLISM:   GUINEA  PIGS 

Referencea:  Values  csJ.culated  and  adapted  from  the  data  in  Kibler,  H.  H.,  and  Brody,  S.,  J.  Nutrition  22=  35i>  1947-  Reprint 
contributed  by  Brody,  S.,  and  tabular  data  contributed  by  Kibler,  B.  H. 

Reviewers :  Brody,  3.;  Colovoa,  B.  F.;  Klbler,  H.  H.;  Mitchell,  H.  H.;  Winchester,  C.  F. 
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155-  RESTIHG  ENERGY  METABOLISM:   HORSES 

References:  Values  calculated  and  adapted  from  the  data  In  Brody,  S.,  Kibler,  H.  H.,  and  Trowbridge,  E.  A.,  Mo.  A^r.  Exp. 
Sta.  Res.  Bull.  368,  and  contributed  by  Brody,  S. 

Reviewers:   Brody,  S.;  Colovos,  N.  F.;  Klbler,  H.  H. ;  Mitchell,  H.  H. ;  Winchester,  C.  F. 


156.  RESrnfG  EHERGY  METABOLISM:  MULES 

References:  Values  calculated  and  adapted  from  the  data  in  Klbler,  H.  H.,  and  Brody,  S.,  Mo.  Agr.  Exp.  Sta.  Res.  Bull.  U58. 
Data  contributed  by  Brody,  S.  Headnote  from  Brody  S.,  Klbler,  H.  H.,  and  Trowbridge,  E.  A.,  Mo.  Agr.  Exp.  Sta.  Res.  Bull. 
368,  191*3  • 

Reviewers :   Brody,  S.;  Klbler,  H.  H. ;  Mitchell,  H.  H.;  Winchester,  C.  F. 


157.   BASAL  AND  RESTING  ENERGY  METABOLISM:   RATS 

References:   Values  calculated  and  adapted  from  Klbler,  H.  H.,  and  Brody,  S.,  J.  Nutrition  2lt:'t61,  19U2.  Reprint  contributed 
by  Brody,  S.,  and  tabular  data  contributed  by  Klbler,  H.  H. 

Reviewers:  Brody,  S.;  Colovos,  N.  F.;  Klbler,  H.  H.;  Mitchell,  H.  H.;  Winchester,  C.  F. 


158.  RESTING  AND  FASTING  ENERGY  MEH'ABOLISM:   SWIRE 

References :  Values  calculated  and  adapted  from  the  data  In  Brody,  S.,  and  Klbler,  H.  H.,  Mo.  Agr.  Exp.  Sta.  Res.  Bull.  38O, 
Data  contributed  by  Brody,  S. 

Reviewers:  Brody,  S.;  Colovos,  N.  F.;  Klbler,  H.  H.;  Mitchell,  H.  H. ;  Winchester,  C.  F. 


159.  RESTING  AND  FASTING  E3IEBGY  METABOLISM:   CHICKENS 

References:  Values  calculated  and  adapted  from  the  data  In  Klbler,  H.  H.,  and  Brody,  S.,  J.  Nutrition  28:27,  19U».  Reprint 
contributed  by  Brody,  S. 

Reviewers:   Brody,  S.;  Klbler,  H.  H.;  Landauer,  W.;  Mitchell,  H.  H.;  Winchester,  C.  F. 


160.  METABOLIC  RATES:   SOIL  ORGANISMS 


Data  Coordinates 

Contributors        | 

Data  Coordinates 

Contributors 

Data  Coordinates 

Contributors 

and  Footnotes 

and 

References 

and  Footnotes 

and  References 

and  Footnotes 

and  References 

1  IJ 

Calc. 

by  b  from  l^* 

12  IJ 

5a 

25  IJ 

lOa 

1,8  K 

a 

12  K 

a 

25  K 

a 

2,'»,5  B-G 

la 

15, l"*   B-G 

6a 

26  B-G 

5a 

2  H 

la 

15  B-G 

5a 

27   IJ 

11a 

J  J 

Calc. 

by  b  from  lU 

l6   IJ 

2a 

27  K 

a 

1., 5, 7,9-11,13-15, 

16  K 

a 

28  B-G 

5a 

17,l8,21,22,2lt, 

17,18  B-G 

7a 

29, S"*  J 

ita 

26,50-53,35,56  H 

a 

19  K 

a 

29, Sit, 57  K 

a 

6  IJ 

2a 

19  J 

l»a 

50,51,52,55,55, 

6  K 

a 

20  IJ 

9a, 12a 

36,58,59  B-G 

5a 

7  B-G 

3a 

21,22,2lt   B-G 

8a 

37  I 

a 

8  IJ 

4a 

23   IJ 

9a, 12a 

58  J 

2a 

9,10,11  B-H 

Ua 

25  K 

a 

Fn   1 

15a 

Contributors:   (a)  Macfadyen,  A.   (b)  Nielsen,  L.  0. 

References :  (1)  Henmlngsen,  A.  M. ,  Rep.  Sreno  Mem.  Hosp.  j^:l,  1950.   (2)  Stocki ,  A.,  Der  boden  als  Lebensraum.  ViertelJ.- 
Bchr.  Naturf.  Des.  Zurlck  91:   ,  19'*6.   (3)  Bolter,  H.,  Comp.  rend.  Laborat .  Carlsberg  2]<:399,  19'>5.  (■»)  Overgaard,  N.C. 
Hatura  Jutlandlca  2:1,  19't9.   (5)  Bornebusch,  C.  H. ,  The  fauna  of  forest  soil,  Copenhagen:  ,  1930.   (6)  Konopackl, 

M. ,  Bull.  Acad.  Scl.  Craccvie,  M.n.  Kl.  357,  1907.   (7)  Vernon,  H.  M. ,  J.  Physiol.  I:9l8,   1896.   (8)  Macfadyen,  A.  19''8 
(unpublished).   (9)  Macfadyen,  A.,  J.  Animal  Ecology  21:87,  1952.   (10)  Duffey,  E. ,  1955  (unpublished).   (11)  Todd,  V., 
J.  Animal  Ecology  18:209,  19't9.   (12)  van  der  Drift,  J.,  Analysis  of  the  animal  community  of  a  beech  forest  floor, 
Vagenlngen,  1950.  ~Tl5)  Krogh,  A.,  The  respiratory  exchange  of  animals  and  man,  London:   Longmans,  Green  and  Co.,  1916. 
(lU)  Jensen,  H.  L.,  J.  Scl.  Agr.  Soc,  Finland  23: 127,  1951. 

Reviewers :   Hutchinson,  G.  E.;  Kalle,  K.;  Macfadyen,  A.;  Nielsen,  C.  0. 
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Index 


ABSIDIA  (SPP.).   42 

ABSORBABILITY  OF  NUTRIENTS.    143.    144 

ABSORPTION,  of  anionogens.    140.  of  carbo- 
hydrates.   178,   184,   185;  of  cationogens, 
147.    148;  of  lipids,    179;  of  minerals.    150- 
153;  of  oxygen  by  plants,   233-239;  of  pro- 
teins.   177 

ACACIA  BROWSE.    87 

ACANTHAMOEBA  CASTELLANU.    31 

ACANTHORHYNCHUS  VACCINA.  42 

ACARI.    253.254 

ACER  SACCHARUM,    105 

ACETALDEHYDE.    185,    215 

ACETAMIDE,    17 

ACETATE,   "active".   {See  ACETYL-COA);  in 
lipid  metabolism.    186;  production  by  micro- 
organisms.   215,    220.    221;  as  a  nutrient. 
15.    18,    34 

"ACETATE  FLAGELLATE(S)".    15 

ACETIC  ACID,    (See  ACETATE) 

ACETOACETATE,    180.    187.    188 

ACETOBACTER  SUBOXYDANS.  220 

ACETOIN.   220 

ACETONE,    220,    221,    -bodies,    213;  -PO^, 
dihydroxy-,    184 

ACETYLATION,    Ibl 

ACETYLCHOLINE,    157 

ACETYL-COA.   in  metabolic  reactions.    187- 
189  (See  also  COENZYME  A) 

ACETYL-METHYL-CARBINOL,    221 

ACETYL  PHOSPHATE.    152 

ACHLYA  (SPP.).    38.    42 

ACHORION  (SPP.).-  42 

ACHRAS  ZAPOTA.    125.    127 

ACHRODEXTRIN,    178 

ACHROMOBACTER  STUTZERI,    19 

ACHROMOTRICHIA,    153,    154 

ACID(S),  (See  also  specific  acids),  production 
of  by  bacteria,    221;  in  milk.    111;  as  a 
nutrient,    18,    34,   35;  FATTY-,   daily  allow- 
ances of,   48-74;  in  digestion,    179;  in  ex- 
creta. 211;  metabolism  of,    186-189;  in 
milk.    Ill;  as  a  nutrient.   28;  oxidation  of. 
186-188;  stability  of.    141;  unsaturated:  de- 
ficiency of  and  reproduction.    164;  nutrient 
functions  of,  9.   48-74,    163;  ORGANIC-, 
production  of  by  fungi,   215-217;  as  a 
nutrient,   34;  VOLATILE-.  213 

ACINONYX  JUBATUS.   82.   83 

ACONITASE.    189 

ACONITATE.    15.    189,  215 

ACONITIC  ACID,   (See  ACONITATE) 

ACORUS  CALAMUS,  234 

ACREMONIELLA  LUTZI,    42 

ACREMONIUM  POTRONII,   42 

ACTINIARIA  (SPP. ),   201,  208 

ACTIVITY  METABOLISM,   in  muscle.    190 

ADDISON'S  DISEASE.    153 

ADENASE,    181-183 

ADENINE.    12.    13.    181.    183.   219 

ADENINE  SULFATE.    97.    101 

ADENOCARCINOMA,    226 

ADENOSINE,    13.   47.    181;  -deaminase,    181; 
-diphosphate.   (See  ADP);  -triphosphate. 
(See  ATP) 

ADENYLIC  ACID.    13.    181.    185 

ADENYLIC  DEAMINASE.    182 

ADENYLTHIOMETHYLPENTOSE.    14 

ADJUTANT.  Indian.   90 

ADONITOL,   25,    26 

ADP.   in  metabolic  reacUons,    184,    189,    190; 
in  plants,    166 

ADRENAL  GLAND.    223 

ADRENALINE.   (EPINEPHRINE).   211 

AEDES(SPP.).    8.    14,    21,   22.    24,   26-28,    30 

AEROBACTER  (SPP.).    36,   46,    174.    220.    221. 
240 

AEROBIC  RESPIRATION,  in  plants,    165 


AEROMONAS  HYDROPHn,A.   221 

AFRICAN  VIOLET.    105 

AGAR,   92,    97 

AGARICUS  CAMPESTRIS.    113.    118.    123.   238 

AGMATINE.    15.    180 

AGROSTIS  ALBA.    105 

AILURUS  FULGENS  FULGENS.   82.   83 

ALANINE,  in  culture  media,  100;  excretion 
of.  209;  as  a  nutrient.  7.  10,  23.  24,  35- 
37;  daily  requirement  of.   23 

ALANYL-HISTIDINE.    15 

ALBAMA  ARGILLACEA.  21 

ALBOLEERSIN.  217 

ALBUMIN,   egg.    131 

ALCES  ALCES  ANDERSONI,  86,   87 

ALCOHOL(s).   34.   215-217.  221;  (See  alio 
specific  alcohols) 

ALCOHOL  DEHYDROGENASE,    155,   185 

ALDEHYDE(S),    18.   215-217;  (See  also 
specific  aldehydes) 

ALDOLASE.    184.    185 

ALFALFA.  84-90.  105,  134,  135.  137-139. 
168.    169 

ALGAE,    5-20,   34.   35,  99,  239 

ALATE  INSECTS.   21 

ALKANES  (-ENES).    18 

ALKYLAMINES.    17 

ALKYLSULFIDES.   20 

ALLANTOIC  ACID.    183 

ALLANTOICASE,    182,    183 

ALLANTOIN.    183,   211;  -nitrogen.    196-201 

ALLANTOINASE,    182,    183 

ALLANTOIS,    229 

ALLEN'S  MEDIUM.   99 

ALLESCHERIA  BOYDU.   42 

ALLIGATOR  (SPP.).    197.  203 

ALLISON'S  MEDIUM.    99 

ALLIUM  CEPA,   (See  ONION) 

ALLOMYCES  (SPP.).   42.   217 

ALLOXAN.    17 

ALMOND.    112.    116.    117,    122,    129 

ALOUATTA  PALLIATA  ACQUATORIAUS, 
84.   85 

ALPACA.   84.   85.    196.   202 

ALTERNARIA  SOLANI.    38.  42 

ALUMINUM,  absorption  and  retention  of.    147; 
excretion  of.    147.   214;  as  a  nutrient,    5; 
and  soil  pH,    172,    173 

ALUNITE,    102 

AMANITA  PANTHERINA,  42 

AMERICIUM.  148 

AMIA  CALVA,    197,   204 

AMIDE(S)  17,   201 

AMINE(S).    17.    182.   210 

AMINE  OXIDASE.    182 

AMINO  ACID,   -deaminase,    182;  -mixtures. 
91;  -nitrogen.    196-201;  -oxidase.    162. 
182 

AMINO  ACIDS.   (See  also  specific  amino  acids) 
in  culture  media.   98,    100;  as  digestive  end 
products.    177;  in  foods,    131;  metat>ollsm 
of,    ISO,    182,    188.    189;  in  milk.    Ill;  as 
nutrients.     7.    15.    17.    18.   20,   24,   36,   37; 
dally  requirements  of.   23;  stability  of.    141 

AMINOBUTYRIC  ACID,   hydroxy-.    14 

AMINOPOLYPEPTIDASE.    177 

AMINOPTERIN.    159 

AMMONIA.   (See  also  specific  ammonia-ium 
compounds,   salts),  excretion  of,  214;  in 
fertilizers,    103;  metabolic  end  product, 
180-183;  in  nitrogen  cycle,    194;  as  a  nu- 
trient.   16,    35;  -liquor,    103;  -nitrogen.    99 
196-201 

AMMONIATED  PHOSPHATE(S).    103 

AMMOmUM  SALTS,   as  nutrients.    19.    37;  in 
culture  media,   98,   99,    101;  in  fertilizers. 
102.    103;  in  nutrient  solutions  for  plants. 
95 


AMNOTRAGUS  LERVIA.   84.   8S 

AMOEBA,   230 

AMPHIBIA.   153.    183.    197.   203,  204;  (See  also 
specific  amphibia) 

AMPHIBIAN  ■nSSUE.   94 

AMPHIPOD(S).   199.  205.   206 

AMYGDALUS  COMMUNIS.    112.    116.   117, 
122.    129 

AMYLASE.    154.    178,    184.    185 

AMYLOPSIN.   (See  AMYLASE) 

ANABAENA  (SPP.).   239 

ANACARDIUM  OCCIDENTALE,    112.    116. 
117,    122,    124.    126 

ANAEROBIC  GLYCOLYSIS.    184.    185.  228 

ANANAS  SATIVUS.   (See  PINEAPPLE) 

ANAS  (SPP.).    197.  203 

ANASTREPHA  LUDENS.   26 

ANCHOVIES.   90 

ANDROGENS.   212 

ANEMIA.    153-155.    157.    159-161 

ANEURIN.   (See  THIAMINE) 

ANGIONEUROTIC  EDEMA.    154 

ANGLE  RFISH.    198.   204 

ANGUILLA  CRYSPA.    198.  204 

ANIONOGENS.   149;  (See  also  specific 
anionogens) 

ANNELIDA.  201.  207.   230.  253,  254;  (See 
also  specific  annelida) 

ANNONA  (SPP.),   124-127 

ANOA  DEPRESSICORNIS.   84.   85 

ANODONTA  (SPP. ).   200.   207 

ANSER  (SPP.).    197.  203 

ANTELOPE,  sable.   84.   85 

ANTHERA  PERNYI.    199.    205 

ANTHRANILIC  ACID,    14,    180 

ANTHRANOL  COMPOUNDS,   218 

ANTHRAQUINONE,   trihydroxy-methyl-,   217 

ANTI,   -acrodynla  factor  (See  PYRIDOXINE 
GROUP);  -alopecia  factor,  mouse  (See 
INOSITOL);  -blacktongue  factor  (See 
NIACIN);  -chromotrichia  factor,   -derma- 
Utls  factor,   chick,   (See  PANTOTHENIC 
ACID);  -egg  white  factor  (See  BIOTIN); 
-gray  hair  factor  (See  PANTOTHENIC 
ACID);  -hemorrhagic  factor  (See  VITAMIN 
K);  -neurltlc  factor  (See  THIAMINE); 
-pernicious  anemia  factor  (See  COBALA- 
MIN);  -rachitic  factor  (See  VITAMIN  D); 
-scorbutic  factor  (See  ASCORBIC  ACID); 
-sterUlty  factor  (See  VITAMIN  E);-xero- 
phthalmia  factor  (See  VITAMIN  A) 

ANTIBIOTICS,    14 

ANTILOCAPRA  AMERICANA,   86.   87 

ANTILOPE  CERVlCAPRA.   84.   85 

ANTIKETOGENESIS.    187 

ANTIMONY.   21,    148 

ANTIRRHINUM  MAJUS,    105.   233 

AOUDAD.    84.    85 

APANOMYCES  (SPP.).  42 

APE.   84.   85 

APHID,   rose,   21 

APHRODITE  ACULEATA,  201.   208 

APIS  MELLIFERA.   26.   30 

APIUM  (SPP. ).   (See  CELERY) 

APLYSIA  LIMACINA.  200.  206 

APPLE.   83.   85.   87,   89,   90.   96.   97.    105,112, 

116.    117.    122.    129,  236 

APPLE  NUGGETS,    129 

APRICOT.    112.    116,   117,   122,    129:  seeds 
of.   235 

APTENODYTES  PATAGONICA 
PATAGONICA,   90 

AQUATIC  FUNGI,    19.   20  (See  also  FUNGI) 

ARABINOSE.   25,  26.   34.    38-41.    100.    101 

ARACHIDONIC  ACID,  functions,  signs  of  de- 
ficiency of.  163;  stabUlty  of.  141;  In  milk, 
111;  as  a  nutrient.   9,  28     67,  69 

ARACHIS  HYPOGAEA.   (See  PEANUT) 
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ARANEA£.  2S3,  254 

ARBORVITAE.   105 

ARCHOSARGUS  PROBATOCEPHALUS.   198.  105 

AROEA  COCOI,   90 

ARGINASE.    151,   154.    165,    182 

ARGININE.  In  culture  media  (or  bacteria.    100; 
deficiency  signs  of.    164;  excretion  of.  209; 
meUboUsxn  of.    180.    183.    188;  as  a  nutrient, 
7.   17.  24.   35-37;  In  protein.   131;  dally  re- 
quirement of.   23 

ARION  EMPIRICORUM.  200.  206 

ARMADILLIDIUM  (SPP.).    199.   206.   230 

ARMILLARIA  MELLJ:A.   42 

ARNON'S  SOLUTIONS.   95.  99 

ARSENIC,   absorption.   retenUon  of.   148;  excre- 
tion of.    148,   214;  toxicity  of,    173;  as  a 
nutrient,   5 

ARSEN1CAL.S.    14 

ARTEMIA  SALINA.   230 

ARTHROPODA.    153.    198,  205.  230;  (See  also 
specific  arthropods) 

ARTICHOKE.  Jerusalem.   96.   97 

ARTIODACTYLA,   84-87 

ARTOCARPUS  INTEGRIFOLIA.    124.    126 

ARYLAMINES.    17 

ASCARIS  LUMBRICOIDES,  230,  231 

ASCIDIA,   152 

ASCLEPIAS  INCARNATA,  234 

ASCO  BOLUS  (SPP. ),  42 

ASCOCHYTA  PISI,   42 

ASCOIDEA  RUBESCENS,   42 

ASCOPHYLLUM  NODOSUM,   239 

ASCORBIC  ACID,  allowances  of,   48-74;  loss  of 
in  cooking.   142;  in  culture  media.   97;  excre- 
Uon  of.  212;  In  foodstuffs.    109.   110.    122. 
123;  functions,  deficiency  and  excess  signs 
of.    155.    156;  production  of  by  fungi.  215;  in 
mUlt.    HI;  as  a  nutrient.    10.   31.   32.   46. 
47.   128-130:  sources  of.   93;  stabUity  of.    140; 
In  tropical  and  sub-tropical  fruits.    126.    127 

ASCORBIC  ACID  OXIDASE.    153.    165 

ASELLUS  AQUATICUS.   199.   206.   230 

ASH.  in  feedstuffs.  132,  134-137;  in  foodstuffs, 
112-115;  in  tropical  and  sub-tropical  fruits, 
124,   125;  In  mUk,   111 

ASHBYA  GOSSYPn,  42 

ASPARAGINE,  in  culture  media,   98,    100; 
metabolism  of.    180;  as  a  nutrient.    14.   17. 
35,   37 

ASPARAGUS  (ASPARAGUS  OFFICINALIS).   96. 

97,  112,   116.    117.    122.   128,    142 
ASPARTATE,  in  culture  media,    100;  excretion 

of,  209:  in  foods,  131;  metabolism  of,  180, 
183,  188,  189;  as  a  nutrient,  7,  24,  36,  37; 
daily  requirements  of,  23 

ASPARTIC  ACID.   (See  ASPARTATE) 

ASPEN,  quaking.    105 

ASPERGILLIC  ACID,  219 

ASPERGILLUS  (SPP.).   16.    17.    19.  20.   38.   42. 

98,  215-219.    238 
ASTACUS  (SPP. ).    199.  206.  230 
ASTASIA  (SPP.),   17,    18,   34,   35 
ASTER,  China,   105 
ATAXIA,  153 
ATHIORHODACEAE,  175 

ATP,  formation  of  from  ADP,  184-187,  189, 
190;  In  meUboUc  reactions,  184-190;  as  a 
nutrient,   13;  in  plants,   166 

ATTAGENU3  (SPP.),  22,  24,  25,  27-29 

AUCHENLA  VICUNNA,    196,  202 

AUREOMYCIN,    14 

AUROFUSARIN,  217 

AUROGLAUCIN,  217 

AUTOMERIS  lO,  26 

AUXIN(S).   15 

AVENA  SATIVA.   (See  OATS) 

AVERRHOA  CARAMBOLA.    124.    126 

AVES,  (See  BIRDS) 

AVOCADO.    85.    87.    89.    112.    116.    117.    122,    124, 
126,    129,   236 

AXEROPTHOL,   (See  VITAMIN  A) 

AXIS  MACULATUS,  86.   87 

AZOTOBACTER  (SPP.).   5.    174,  240 

BABOON,  244 

BACILLUS  (SPP.).  (See  also  specific  bacUli), 
13,   19.   36.  46.    100.    101.    174.   220,  221.  240 


BACITRACIN.    14 
BACON.    106.    109 

BACTERIA.   5-20.   36,   37.   46.  47.    100.   101. 
174-176.    179.    192.    194.    220.    221,   240, 
253,   254;  (See  also  specific  bacteria) 
BADGER;  Canadian,   82.  83 
BAKER  SOLUTION.  94 
BALAENICEPS  REX.   90 
BALAENOPTERA  (SPP:).   196.  202 
BALSAM,   garden.    105 
BANANA.   82-86,   90,   112,   116,   117,   122, 

124,    126,   236 
BANTAM  CHICKEN,  germ-free,  68 
BARBITURASE,    181 
BARBITURIC  ACID,   181 
BARIUM,    148 
BARLEY;  85,   87,   89,   90,    105,    112.    116.    117. 

122.    129.    134.    138.    143.    233.   235 
BASAL  METABOLISM,  of  man.  241-243;  of 
cattle.  245.  246;  of  guinea  pigs.  247;  of 
rats.   250;  of  vertebrates.  244 
BASIDIOBOLUS  (SPP. ).   42 
BASIDIOMYCETES  (SPP. ).   98 
BASISPORIUM  GALLARUM.   42 
BAT,   196.   202 
BEAN.   75.   76.    105.    112.    116.    117.    122, 

128,    130,    142 
BEAR,   82,   83 
BEE,  honey,   26,   30 

BEEF,   93,    106,    109,    131.   (See  also  specific 
beef  and  veal  products,  as  STEAK.  HAM- 
BURGER; (See  also  CATTLE) 
BEET.    105.    112.    116.    117.    122.    128.    130. 
134.    137-139.    142.    234;  -pulp.    85-90; 
-sugar.    130 
BEETLE.   21.  22.  25.  27-29,   91,  92,  253,  254 
BEGGIATOA,    19 
BEGONIA  (SPP.),    105 
BEIJERINCK'S  MEDIUM.  99 
BENECKE'S  MEDIUM.   99 
BENZYLAMINE.    17 
BERI-BERI.   symptoms,    162,    163 
BERTHOLLETIA  EXCELSA.  (See  BRAZIL 

NUT) 
BERYLLIUM,    148 
BETA-OXIDATION,    187-188 
BETA  VULGARIS,    112,    116,    117,   122,    128, 

130,   234 
BETAINE,    156,   219 
BIBOS  FRONTALIS,   86,   87 
BICARBONATE,    18,    149 
"BIFIDUS",   factor.    14 
BILE,    147-149;  -acids.    187;  -salts.    179 
BILIRUBIN,    213 
BIOCYTIN,    10 
BIOS  1,  (See  INOSITOL) 
BIOS  II,   (See  BIOTIN) 

BIOTIN,  daily  allowances  of,   48-74;  in  cul- 
ture media,   98,   100;  in  synthetic  diets,   91; 
excretion  of,   212;  (unctions,  deficiency 
and  excess  signs  of,    156,    164;  in  Krebs 
Cycle,    189;  in  milk.   111;  as  a  nutrient.    10, 
20,  29-31,   42-47;  sUbUity  of,    140 
BIRDS,   90,    153,    154,    182,    183,    197,   203; 

(See  also  specific  birds) 
BISMUTH,    148 
BISON,   84,   85 
BISULFITE,    19 

BLACKBERRY,   112,    11,6.    117.   122 
BLACKBUCK.   84.    B5 
BLAKESLEA  TRISPORA.   38.   42 
BLASTOCLADIA  PRINGSHEIMII.    38.   42 
BLASTOCLADIALES.    19.  20 
BLASTOMYCES  (SPP.).   42.  238 
BLATTA  ORIENTAHS.   230 
BLATELLA  GERMANICA.   8.  22.  24.   25. 

27-29.   91.   92 
BLOOD,   104.  222:  -cells,   192,  222,  226; 
-flour  and  meal.  132.   133:  -globulin,  192; 
-plasma.    192;  -pressure,   153 
BLOWFLY.   26.   30.    198.  205 
BLUEBERRY.    105.    112.   116.    117.   122.    129 
BLUEGRASS.  105,    144 
BLUEGRASS  HAY,    136,    138 
BODO  (SPP.),  201,  208 
BODY  SURFACE  AND  WEIGHT,  241.  244. 
I        246;  (See  also  Metabolism) 


BOLETUS  (SPP. ).   42  • 

BOMBARDIA  LUTEA.   42 

BOMBYX  MORI.   21.   199.   205 

BONE.    147-154;  -marrow.    192.  222;  -meal, 

82-89.    104.    132.    133.    143 
BONGO.  Eastern.   (Boocercus  eurycerus 

isaaci).   84,   85 
BORIC  ACID.   95.   97-99 
BORON,  deficiency  signs  of.    167,    168,   170; 

functions  of,    165;  as  a  nutrient.   5.   32.  33, 

173.   175;  and  soil  pH.    172;  toxicity  signs 

of.    167 
BOSELAPHUS  TRAGOCAMELUS.   86.   87 
BOTRYOTINIA  CONVOLUTA.   42 
BOTRYTIS  (SPP. ).   38.   42.  216 
BOUNCING  BET.   233 
BOWFIN,    197.  204 
BRAIN,   -cortex.   224;  -protein.  22;  -tissue, 

225.  227 
BRAN.   82-89 
BRASSICA  OLERACEA.   (See  COLLARD. 

KALE.   BROCCOLI.  CABBAGE.  BRUSSELS 

SPROUTS) 
BRASSICA  CAMPESTRIS.   (See  RUTABAGA) 
BRASSICA  RAPA.   (See  TURNIP) 
BRAZIL  NUT.    112.    116.    117.   122 
BREAD.    82-84.    89.    90 
BRETTANOMYCES  BRUXELLASIS.   42 
BREVILEGNEA  GRACILIS.    19 
BREWER'S  YEAST.   92.   134.    138 
BROADBEAN.   233.  235 
BROCCOLI,   112.    116.    117.    122.    142 
BROMEGRASS  HAY.   136.    138 
BROMINE(IDE).  absorption,   retention  of, 

149;  excretion  of.    149.   214;  as  nutrient,   5; 

metabolism  of.   150 
BROMOTYROSINE.   di-.   5 
BROWSE.   84-89 

BRUCELLA  (SPP.).   36.  37.   46.    174 
BRUSSELS  SPROUTS.    112.    116.    117.   122. 

142 
BRYOPHYLLIUM  (SPP.).   233 
BRYOPHYTA.   237 
BUCKWHEAT.  96.   97.    105 
BUCKWHEAT  FLOUR.    129 
BUFFALO.   African.   84,  85 
BUG.    199.   205.   230 
BULB(S).  234 

BULGARIA  INQUINANS.   42 
BULL  SPERM.  229 
BULLOCKSHEART.    124.    126 
"BURNING  FEET"  SYNDROME.    161 
BUTANE.    18 
BUTANEDIOL.    220 
BUTANOL.    34.    220,   221 
BUTTER,   93,    106,    109 
BUTTER-FAT,   27 
BUTTERFISH,  83,   90 
BUTTERFLY  (SPP,),   25 
BUTTERMILK,    106,    109,    132.   133,   143 
BUTYL  ALCOHOL.   (See  BUTANOL) 
BUTYLENE.    18 

BUTYLENE  GLYCOL.    215.    220.   221 
BUTYRATE.  production  of  by  bacteria,   221; 

inetabolism  of,    187;  as  a  nutrient,   35 
BUTYRIC  ACID,   (See  BUTYRATE) 
BYSSOCHLAMIC  ACID,   215 
BYSSOCHLAMYS  FULVA,   215,   216 

CABBAGE,   85,   87,   89.  93.   96.   97.    105.    112. 

116.    117.    122.    128.    142.    168.    169 
CACHEXIA.    153.    154 
CADAVERINE.    180 
CADMIUM.    148 
CAFFEINE,    n,    17 
CALCIFEROL.   (See  also  VITAMIN  D). 

daily  allowances  of.   46-74;  as  a 

nutrient.   28;  stability  of.    140 
CALCIUM,   absorption,   retention  of.    147; 

daily  allowances  of.   48-74;  loss  of  in 

cooking.    142;  deficiency  of.    167.    168. 

170;  deficiency  of  and  reproduction.    164; 

excretion  of.  214;  in  feedstuffs.    133. 

138;  in  foodstuffs.    109.    110.    116,    118, 

120;  function  of  in  higher  plants.    165; 

metabolism  of.    150;  In  milk.    Ill;  as  a 

nutrient.   5.  21.   32.   33.  40.  41.    174.175: 
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yield  of  in  plants,  128-130:  and  soil  pH, 
172;  selected  sources  of.  93;  in  tropical 
and  sub-tropical  fruits,  124;  -caseinate, 
177;  -chloride,  92;  -nitrate,  95;  -panto- 
thenate, 97.  98,  100;  (See  also  PANTO- 
THENIC ACID);  -paracaseinate,  177; 
-salts,   94,   96,   98-100.   102,   103 

CALDARIOMYCES  FUMAGO,   215,  218 

CALDARIOMYCIN,   218 

CALF,   223 

CALLIPHORA  (SPP.).  26.   198.  205 

CALLISTEPHUS  CHINENSIS,    105 

CALLOSOBRUCHOS  MACULATUS.  25 

CAUDCARPUM  MAMMOSUM.    125,   127 

CALOCERA  VISCOSA.   42 

CALORIE(S).  dally  allowances  of.  48-74;  in 
feedstuffs,    132,    134-137;  in  mUk,    HI; 
value  of  in  nutrients.    145;  for  soil  organ- 
isms. 253,  254;  selected  sources  of.   93; 
utilizable  by  animals.   32 

CALUREA.    103 

CAMEL,   (CAMELUS  SPP.).   84.   85.    196.   2p2 

CAMELLIA,   (CAMELLIA  JAPONICA).    105 

CANADA,  daily  nutrient  allowances  for  man 
in,   48-51 

CANCER  PAGURUS,    199,  206 

CANDIDA  (SPP.).   40.   42 

CANIS  DINGO,   82,   83 

CANIS  FAMILIARIS.   196,  202 

CANIS  LUPUS  NUBILIS,   82,   83 

CANNABIS  SATIVA.    105 

CANNA  INDICA,    105 

CANTALOUPE.    105.    112,    116.    117.    122.    128 

CAPREOLINOSE.  218 

CAPROIC  ACID.   35 

CAPSICUM  (SPP.),    128 

CARABUS  NEMORALIS,  253,  254 

CARAMBOLA,    124,    126 

CARASSIUS  AURATUS,    198.   204 

CARBAMIDOVALERIC  ACID,   keto-.    180 

CARBINOL,   acetyl -methyl-.  221 

CARBOHYDRATE(S),   (See  also  specific  car- 
bohydrates), daily  allowances  of,   48-74; 
calories  in.    145;  In  culture  media.   98.    101; 
in  synthetic  diets.   91;  digestibility  of.    143; 
dlgesUon  of.   178;  in  feedstuffs.    132,    134- 
137;  In  foodstuffs,    112-115;  metabolic 
products  of,  215-220;  metabolism  of,    184- 
186:  In  milk.    111;  as  a  nutrient.   18,   25. 
24.   34.   38-41;  sources  of.   93;  In  tropical 
and  sub-tropical  fruits.    124,    125 

CARBON,   (See  also  specific  carbon  com- 
pounds), in  culture  media.  98.   99;  Ainctions 
of,    165;  as  a  nutrient.   5.    18,   21,   33.    174- 
176;  sources  of.   34.   35 

CARBON    DIOXIDE,   as  metabolic  end  product, 
180-183,    187,    188.    189.  228;  as  a  nutrient. 
14,    18.   34,   35;  production  of  by  micro- 
organisms, 220.  221,  233-239;  transport  In 
blood,   154 

CARBON  MONOXIDE,    18 

CARBONIC  ANHYDRASE,    153.    154 

CARBOXYDAMONASOLIGOCARBOPHILA.    18 

CARBOXYLASE.   184.    185,    189 

CARBOXYLIC  ACID,  2-hydroxymethyl-furane- 
5-,  216 

CARBOXYPOLYPEPTIDASE.    177 

CARCINOMA.   Flexner-Jobllng.  226 

CARCINUS  MAENAS.   199.  206 

CARDIAC  DECOMPENSATION;  153 

CARICA  PAPAYA.    124.    126.  236 

CARLIC  ACID,  215 

CARLOSIC  ACID.  215 

CARNATION.    105 

CARNITINE.    14.  29.   30.   91 

CARNIVORA,   82.   83;  (See  also  specific 
Carnivores) 

CARNOSINE.    15 

CAROLIC  ACID.  215 

CAROLINIC  ACID.   215 

CAROTENE,   daily  allowances  of.   48-74;  ex- 
cretion of.   212;  production  of  by  fungi.  217; 
as  a  nutrient,    10.   32.   (See  also  VITAMIN  A) 

CARP,    197,    198,  204 

CARROT.   84-86.  93.  96.   97.   105,    112.    116. 
117.    122.    128.    142,   233,    234 

CARVIOLACIN,  217 


CARVIOLIN,  217 

CARYA  ILLINOENSIS,   (See  PECAN) 

CASEIN,  amino  acids  in,   131;  in  synthetic 
diets,  91;  In  milk.   111;  as  a  nutrient,  22, 
69 

CASEIN  HYDROLYSATE,   18 

CASSOWARY,   90 

CASTOR  POMACE,    104 

CASUARUFORMES,   90 

CASUARIUS  (SPP.).   90 

CASHEW  APPLE.    124.    126 

CASHEW  NUT.   112.    116.    117.   122 

CAT.   domestic,  60.    196.   202.  223-225.  227. 
228 

CAT.   jungle.   82.    83 

CATABOLISM,  (See  also  METABOLISM),  of 
nucleoprotelns.  182,  183;  of  nucleotides, 
181 

CATALASE.    154.    165.    192 

CATECHOL  AMINES.  210 

CATENARIN.  217 

CATENULARIA  (SPP.).   42 

CATFISH.    198.  204 

CATIONOGENS.  absorption,  retention,  excre- 
tion of,    147.    148 

CATTLE.   61.  62.   77,    146,    151,   153,  244- 
246 

CAUDATE  NUCLEUS.  228 

CAULIFLOWER.    112.    116.    117.   122.    128. 
142 

CELERY.   85.   87.   89.    105.    112.   116.    117. 
122.   128 

CELLOBIOSE.   25.    26.    38-41 

CELLULOMONAS  (SPP.).    174 

CELLULOSE,  25,   26,  69.   92.   178 

CENOCOCCUM  GRANIFORME.   42 

CENTRAL  NERVOUS  SYSTEM,   228 

CEPHALIN.   27.    179.    186.  219 

CEPHALOPODA.    200.    206 

CEPHALOSPORIUM  RECIFEI.    42 

CEPHALOTHECIUM  ROSEUM.  42 

CERA TOSTOMELLA  (SPP.).    38.   42 

CERCOPITHECUS  MITIS  ERYTHRARCHUS. 
84.    85 

CERCOSPORA  (SPP.).  215 

CEREAL.   (See  also  specific  cereals).   75. 
76.    142,    143 

CEREBELLUM.  228 

CEREBRAL  CORTEX.   227.  228 

CEREBRIN.   219 

CEREBRONYLSPHINGOSINE.  219 

CERIUM.    148 

CERVUS  (SPP.),   86 

CESIUM.    147 

CETYLBENZOL.    18 

CHAETOCLADIUM  (SPP.).   42 

CHAETOMIUM  (SPP. ).    38.   42 

CHAETOSTYLUM  FRESENU.  42 

CHALARAQUERCINA.    38.   42 

CHALAROPSIS  THIELAVIOIDES.  42 

CHALCIDES  OCELLATUS.   197,   20] 

CHAOS  CHAOS,   230.  253.   254 

CHARADRIIFORMES.   90 

CHARD.    112.    116.    117.    122 

CHEESE.   75.   76.  9}.    106.    109 

CHEETAH,    82.   83 

CHELATING  AGENTS.   99 

CHELONE  MYDAS.    197.   203 

CHEMICAL.   -CHANGES.   In  digestion  and 
absorption.    177-179;  -COMPOSITION,  of 
feedstuffs.    132-139;  of  fertilizers.    102- 
104;  of  foodstuffs,    109.    110.    112-123;  of 
milk,    1 1 1;  of  plant  concentrates.   134-137; 
of  tropical  and  sub-tropical  fruits.    124- 
127;  -ELEMENTS.   (See  also  specific  ele- 
ments),  absorption,   retention,   excretion 
of,    147-149;  functions  of.    150-153;  as  nu- 
trients.  5.   6.   21 

CHEMOAUTOTROPHIC  BACTERIA.    176 

CHERRY.   96.   97.    113.    116,    117.    122.   125. 
127,  235 

CHICK  EMBRYO,   224.   225,  227 

CHICKEN.   8,    10,  23.   68.   72.   77 
78,    107,    110,    132,    146.    151. 
153.    154,    222,   224.   226.   229. 
244.   252;  -germ  free.  68.  77; 
-eggs,    107,    110 


CHICORY.  97 

CHILOMONAS  PARAMECIUM.    18.   34.   3b 

CHILOSCYPHUS  FRAGILIS,  237 

CHIMPANZEE,   84,   85,   244 

CHLAMYDOMONAS  (SPP.),   34,   35 

CHLORELLA  (SPP.),   7.  8.  16.  19.  20.  99.  193.239 

CHLORINE  (IDE),  absorption,   retention  of.    149; 
daily  allowances  of,  46-74;  excretion  of.   149. 
214;  in  foodstuffs.    116.    118.    120;  in  animal 
metabolism.    150;  in  milk.    Ill;  as  a  nutrient, 
5,  21,   32,   33 

CHLORINE -CONTAINING  COMPOUNDS,  pro- 
duction of  by  fungi,   218 

CHLOROGONIUM  (SPP.).  34.   35 

CHLOROPHYLL,    193 

CHOANEPHORA  CUCURBITARUM.   J8.   42 

CHOLAMINE.    179 

CHOLEIC  ACID.    179 

CHOLESTANOL.  28 

CHOLESTENE.  28 

CHOLESTEROL,  in  synthetic  diets.   91;  digesUon 
of.    1 79;  excretion  of ,   2 1 1 :  metabolism  of . 
187;  as  a  nutrient.   9.  28-31 

CHOLESTERYL,   -compounds.   28.    187 

CHOLINE,  daily  allowances  of.   48-74;  in  culture 
media,   100;  in  synthetic  diets.   91;  in  lipid 
digestion.    179;  excretion  of.  212;  functions, 
deficiency  and  excess  signs  of.    156.    157; 
glycerophosphoryl-.  9.    186;  In  metabolic  re- 
actions.  154;  In  milk.    Ill;  as  a  nutrient,   10, 
29-31.  46.   47;  stability  of.   140 

CHOLINE  GROUP,  as  nutrients.   10.    156,    157 

CHOLINE  SULFATE.  219 

CHONDRUS  CRIPUS;  239 

CHONDROITIN  SULFURIC  ACID.   19.   20 

CHORDATA.   6;  (See  also  specific  chordates) 

CHORION.   229 

CHROMIUM  COMPOUNDS,   5,   99.    148.    174 

CHRYSANTHEMUM  (SPP.).   97.    105 

CHRYSEMYS  PICTA.    197,  203 

CHRYSOBALANUS  ICACO,    124,    126 

CHRYSOCYON  JUBATUS.  82.   83 

CHRYSOGENIN.   217 

CHRYSOMONAD(S).   5-20 

CHRYSOPHANIC  ACID.  217 

CHU'S  MEDIUM.   99 

CHYLE.    186 

CHYMOTRYPSIN,    177 

CIBORIA  (SPP.).   42 

CIBORINIA  ERYTHRONII.   42 

CICHORIUM  (SPP.);  97.   113.   118,    119.   122 

CICONIFORMES.  90 

CILIATE(S)  (CILIATA).   13.   31.  201.  208 

CIRCINELLA  (SPP.).   42 

CITRATE,  in  culture  media,  101;  excretion  of, 
213;  production  of  by  fungi,  215;  metabolism 
of,    189;  as  a  nutrient,    15,   34,  40,  41 

CITRIC  ACID,   (See  CITRATE) 

CITRIN,    11 

CITRININ,  217 

CITROMYCES  (SPP.).  215-217 

CITROMYCETIN,   217 

CITRON.    124.    126 

CITROVORUM  FACTOR.   (See  FOLIC  ACID 
GROUP) 

CITRULLINE.  excretion  of,  209;  meUbollsm  of. 
180.    182.    183;  as  a  nutrient.    7.   24.    36.    37; 
dally  requirement  of,  23 

CITRULLUS  (SPP.).  (See  HONEYDEW  MELON) 

CITRULLUS  VULGARIS.   (See  WATERMELON) 

CITRUS,  -fruit,  75,  76.  93;  -planu.  105,  129. 
168.    169.  236;  -pulp.   134.    138 

CITRUS  AURANTIFOLIA.   (See  LIME) 

CITRUS  AURANTIUM,    124,    126 

CITRUS  GRANDIS,   (See  GRAPEFRUIT) 

CITRUS  LIMONIA,   (See  LEMON) 

CITRUS  MEDICA,    124,    126 

CITRUS  RETICULATA,   (See  TANGERINE) 

CITRUS  SINENSIS,   (See  ORANGE) 

CLADONIA  RANGIFERINA,  238 

CLADOPHORA  ARCTA,    239 

CLADOSPORIUM  (SPP.).  42 

CLAM,    107,   110,  200,  207 

CLASTEROSPORIUM,  216 

CLAVACIN,  215 

CLAVARIA  LIGULA,  42 

CLAVATOL,  215 
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CLITOCYBE  (SPP.).  «2 

CLITOPILUS  PRUmjLUS.  42 

CLOSTRIDIUM  (SPP.).  12.  ib.  17.  174.  176. 
220.    221 

CLOVER,    7.   84-86.    105.    144 

CLOVER  HAY.    136.    139 

CLUB  MOSS.   237 

CO-A,   (See  COENZYME  A) 

COBALAMIN.  daily  allowances  of.  48-74;  In 
culture  media,  100;  deficiency  of  and  re- 
production. 164;  in  synthetic  diets.  91;  ex- 
cretion of,  212;  functions,  deficiency  and 
excess  signs  of,  157;  in  mineral  metatx)- 
tlsm.  150;  in  milk.  Ill;  as  a  nutrient,  10, 
11.   29-31.   34,   46.  47;  stabUity  of.    140 

COBALT,   absorption,   retention  of,    147;  daily 
allowances  of.  48-74;  excretion  of,   147, 
214;  In  foodstuffs,    116,    118;  functions,  de- 
ficiency and  toxicity  signs  of,    153;  in  ani- 
mal metabolism,   150;  in  milk.    Ill;  as  a 
nutrient,   5,  21,   32,    174.    175;  and  soil  pH, 
172.    173;  in  vitamin  B^,    153:  -chloride, 
97;  -nitrate,   99 

COCARBOXYLASE,   5,  6,    11.   47.    163,    187, 
189;  (See  also  DPT) 

COCCIDIOIDES  IMMITIS,    38 

COCKROACH.  8,  21.  22,  24,  25,  27,  28.  91, 
92,   230 

COCO  PLUM,    124,    126 

COCOA  SHELL  MEAL,    104 

cocb^aIT,  113,  116,  117.  122 

COCONUT  MILK,   97 

COCOS  NUCIFERA,    113,    116,    117,    122 

CODECARBOXYLASE.   161 

CODEHYDROGENASE.   (See  DPN) 

COD.    107,    110,    198.   204 

COD-LIVER  OIL,  27.   75.   76.   84 

COELENTERATA,   201.  208 

COEMANSIA  INTERRUPTA.   42 

COENZYME, -A,  as  a  nutrient.    10,  20;  in 
metabolic  reactions,    186-189;  and  panto- 
thenic acid,    161;  -R,   (See  BIOTIN);  -I, 
(See  DPN);  -II,   (See  TPN) 

COLEOPTERA,  21,  22.  24,  25.  27-29.  253, 
2  54 

COLEUS  BLUMEI,    105 

COLLARDS,   93,    113,    116,   117.    122 

COLLEMBOLA,    253,   254 

COLLETOTRICHUM  (SPP.),   38,  42 

COLLYBIA  (SPP.),    38,   42 

COLOBUS,  East  African,   84,   85 

COLOSTRUM,    HI 

COLPIDIUM  (SPP.),    31,    201.   208 

COLPODA  DUODENARIA,   31 

CONDOR,   90 

CONNOCHAETES  TAURINUS,   86,   87 

CONVULSIONS,    153 

COOKING,   loss  of  nutrients  In,    140,    141 

COPPER,   absorption,   retention  of.   147;  daily 
allowances  of.  48-74;  deficiency  of  and  re- 
production,   164;  deficiency  signs  of,    153, 
167,    168,    170;  excretion  of,    147,  214;  in 
feedstuffs,    133,    138,    139;  in  foodstuffs. 
116,    lie,    120;  functions  of,    153,    165; 
metabolism  of.    150.   151;  in  milk.    HI;  as 
a  nutrient,   5,   21,   32,   33,    175,    176;  and 
soil  pH,    172.    173;  toxicity  symptoms  of. 
153,    167 

COPPER  SULFATE,   95,   97-99 

COPRINUS  (SPP.).   42 

COPROGEN.    14 

COPROPORPHYRIN,    193,  213 

COPROSTEROL.  28.    179,    187 

CORAL,   5,    150 

CORCYRA  CEPHALONICA,    30 

CORDYCEPS  MILITARIS.   38.   42 

"CORI  ESTER",    184.    185 

CORN.  33,  90,  105,  113,  116,  117,  122,  128, 
129.  134,  136-139,  143,  233;  -ground.  84- 
89;  -meal,   84-90,    143;  -oil.   27.  91 

CORNBORER.  European,  22,  25,  27.  28,  30, 
91.   92 

CORPORA  gUADRIGEMINA,   228 

CORTEX,   brain,   224 

CORTICIUM  VAGUM,   42 

CORTINELLUS  BULBIGER,   42 

CORYZA,    154 


CORYNEBACTERIUM  (SPP.),    15.   174.  240 

CORYNE  SARCORDIA.   42 

COTTON,    105 

COTTONSEED,    104,    134.    138 

COTTONSEED  MEAL,    104,    143.    134.    138 

COTTONSEED  PROTEIN,   22 

COW,    106,    109-111.  224;  (See  also  BEEF. 
CATTLE:  see  also  specific  beef  and  veal 
products  as  STEAK,   HAMBURGER) 

COWPEA,    136,    137,    139 

CRAB,    199.   206,   230 

CRAB  MEAL,    132.    133 

CRAB-MEAT,    107,    HO 

CRANBERRY,  113,    116.   117,    122 

CRATAEGUS  (SPP. ).    124.    126.   235 

CRAYFISH,    199.   206,   230 

CREAM,   composiUon  of,   93,    106.    109: 
in  diets  of  zoo  anii^als.   84 

CREATINE,    157.    190,   211;  -nitrogen.    196- 
201 

CREATININE.    17,    209:  -nitrogen,    196-201 

CRESS,  garden,    105;  water.   113.   116,   117, 
122 

CRETINISM,    154 

CROCKER  SARCOMA,  226 

CROCUTA  CROCUTA,   82,   83 

CROPS,  105,  128-130.  (See  also  specific  crops) 

CRUSTACEA,    10,    183,    199.   205,   230 

CRYPTOCOCCUS  (SPP. ),   42 

CRYPTOXANTHIN,    155 

CRYSOPHYLLUM  CAINITO.   125.    127 

CUCUMBER.  CUCUMIS  SATIVUS).    105.    113, 
118.    119.    122.    128.    236 

CUCUMIS  MELO  CANTALUPENSIS.   (See 
CANTALOUPE) 

CUCURBITA  (SPP.).    105,    115,    120,    121. 
123,    235 

CUDONIA  CIRCINANS.   42 

CULEX  PIPIENS,    21,    30 

CULMORIN,   217 

CULTURE  MEDIA,   for  algae.  99;  for  bac- 
teria.   100.    101;  for  fungi,   98;  for  isolated 
animal  tissues,  94;  for  isolated  plant 
tissues,   96,   97 

CUNNINGHAMELLA  (SPP.),   42 

CURIUM.   148 

CURLY  DOCK,   233 

CURRANT,   red,    113,    118,    119,    122 

CUSCUTA  CAMPESTRIS,   97 

CUTTLEFISH,   200,   206 

CYANAMIDE,    16,    103 

CYANIDE,    16 

CYANOCOBALAMIN,   (See  COBALAMIN) 

CYANOPHYTA,   2  39 

CYATHUS  STRIATUS,   42 

CYCLOPALDIC  ACID,  215 

CYGNUS  (SPP.),    197,  203 

CYNODONTIN,  217 

CYPRINUS  (SPP. ),    197.   198,   204 

CYSTATHIONASE,    161 

CYSTATHIONINE.  20,    180 

CYSTEIC  ACID.    8,    20,    180 

CYSTEINE,   in  culture  media.    100;  metabo- 
lism of,    180,    188,    189;  as  a  nutrient,   7, 
17,    19,   20;  in  pla,nts,    166:  -sulfenic  (-inic) 
acid,    180;  -desulfhydrase.    161 

CYSTINE,   in  culture  media,    100;  in  syn- 
thetic diets,   91;  excretion  of,   209;  metabo- 
lism of.    152;  as  a  nutrient,   7.    19,  20,   24, 
36,   37.    166;  in  plants.    166;  in  protein 
foods,    131;  daily  requirement  of,  23,   24, 
72 

CYTIDINE,    12,   181 

CYTIDYLIC   ACID,    12,    101,    181 

CYTOCHROME(S),    151,    154,    189,    192,    193; 
-c-reductase,    162;  -oxidase,    153,    154, 
165,    189,    191;  -system,    191 

CYTOPLASMIC  MEMBRANES,    165,    166 

CYTOSINE.    12,    181 

CYTOSPORA  (SPP.).   42 

CZAPEK'S  MEDIUM.  98 

DACRYOMYCES  STILLATUS.   42 

DAEDALEA  (SPP.).   42,  238 

DAILY  NUTRIENT  ALLOWANCES.  48-74; 

(See  also  Nutrients) 
DAIRY  PRODUCTS.    106,    109:  (See  also 


specific  products  as  MILK.  CHEESE) 

DALDINIA  CONCENTRICA.  42 

DANDELION  GREENS,    113,   118.   119,    122 

DAPHNIA  PULEX,   230 

DASYOBOLUS  IMMERSUS,   42 

DATE,   83,    113,    118,    119,    122,    124,    126 

DAUCUS  CAROTA,   (See  Carrot) 

DEAMINASE,    181,   182;  (See  also  specific 
deaminases) 

DEBARYOMYCES  (SPP.),   40,  42 

DEBILITY,   congenital,    154 

DECANE,   18 

DECARBOXYLATION,    180 

DECIDUA.   229 

DECONICA  INQUILINA,   42 

DECYLIC  ACID,   35 

DEER,   red,   86.   87 

DEFICIENCY  SIGNS,  chemlcai  element,   167- 
172;  nutrients,   164;  vitamins  155-163 

DEHYDROASCORBIC  ACID.  212 

DEHYDROCAROLIC  ACID.  215 

DEHYDROCHOLESTEROL.   157.   158,   (See  also 
VITAMIN  D) 

DEHYDROGENASE,   (See  also  specific  dehydro- 
genases),  160,    161,    184,    185,    189.   191 

DEHYDROPICOLINIC  ACID,    180 

DEMATIUM  (SPP.).   42 

DEMYELINATION,    153 

DENDROPHOMA  OBSCURANS,   38,  42 

DEPHOSPHORYLATION,    190 

DERMATEA  BALSAMEA.   42 

DERMESTES  MACULATUS. 
(See  BEETLE) 

DESOXYPYRIDOXINE.    161 

DESTHIOBIOTIN.    10 

DEXTRAN.  220 

DEXTRIN(S).    25,   26,    91,    178 

DEXTROSE,   (See  GLUCOSE) 

DIANTHUS  CARYOPHYLLUS,   105 

DIAPHRAGM.   225 

DIAPORTHE  (SPP.).   38,   42 

DIATOM(S),   99 

DICHRANOPHORA  FULVA.   42 

DICARBOXYLIC  ACID,  ethylene  oxide,   215 

DICTYUCHUS  MONOSPORUS,   38 

DICUMAROL,    160 

DIDINIUM  (SPP.),    201,   208 

DIETS,   daily  allowances  of,   48-74;  for  labora- 
tory and  domestic  animals,   77-81;  for  zoo 
animals,   82-90;  of  low  and  moderate  cost, 
75.    76;  for  Insects,    91,    92 

DIGESTION,  of  carbohydrate,    1 78;  of  calories 
in  feedstuffs,    134-137;  of  lipid.   179;  of 
nutrients,   7.   8,    150-153;  of  protein,   177 

DIGLYCERIDES,    179 

DIHYDROGLADIOLIC  ACID,   215 

DIHYDROXY BENZOIC  ACID,  8 

DIHYDROXYPHENYLALANINE,   8 

DIIODOTYROSINE,    151,    154 

DIMETHYLBENZIMIDAZOLE;  (See  COBALAMIN) 

DIMETHYL  PYRUVIC  ACID,   215 

DINCX3,   82,   83 

DINOFLAGELLATES,   5-20 

DIOSPYROS  KAKI.  (See  PERSIMMON) 

DIPEPTIDASE.    177 

DIPEPTIDES.    177 

DIPHOSPHOPYRIDINE  NUCLEOTIDE  (See  DPN) 

DIPHOSPHOTHIAMINE  (Sec  DPT) 

DIPHYLLOBOTHRIUM  LATUM.  231 

DIPI.ODIA  (SPP.).    38,   42 

DIPODASCUS  UNINUCLEATUS,   42 

DIPTERA,   21,  22.  24,   26-28,   30.  253,  254 

DISACCHARIDES.   178,   (See  also  specific 
disaccharides) 

DISTILLERS  PRODUCT(S),    134,    138 

DISULFIDE,    11 

DIXIPPUS  MOROSUS,   230 

DOCOSAHEXAENOIC  ACID.  28 

DODDER,    97 

DOG,  domestic,  23,  63,   78.    196,  202,   222-225, 
227,    228.    244 

DOC  BISCUITS,   82.   85 

DOGFISH,    198.   204 

DOGFOOD  MIX.   83 

DOMESTIC  ANIMALS.  (See  specific  domesUc 
animals) 

DORYLAIMUS,   253,  254 
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DOTHIDELLA  QOERCUS.   42 

DOX'S  MEDIUM,   98 

DPN,  (DIPHOSPHOPYRIDINE  NUCLEOTIDE), 
in  cytochrome  system,   191;  in  metabolic 
reactions.    184,    185,    189;  niacin  in,    160; 
as  a  nutrient,   46,   47,    101;  in  higher 
plants,    166 

DPT  (DIPHOSPHOTHIAMINE).   in  metabolic 
reactions.    184.    185,    187,    189;  as  a  nutrient, 
10,    11,    (See  also  COCARBOXYLASE) 

DREWE'S  MEDIUM;  99 

DROMEDARY,    (See  CAMEL) 

DROMICEIUS  NOVAEHOLLANDIE,   90 

DROSOPHILA  MELANOGASTER,   (See  FLY) 

DRYPTERIS  AUSTRIACA,   237 

DUCK,    107,    110,    197,   203 

DUGESIA  GONOCEPHALA,   230 

DULCITOL,   25,    26,   40.    41 

DURIAN,   DURIO  ZIBETHINUS),    124,   126 

DYSPHAGIA,    154 

EAGLE,   bald,   90 

EARLE  SOLUTION.   94 

EARTHWORM.   201.   207.   230.   253.   254 

EBERTHELLA  (SPP.).   221 

ECHINODERMATA.   201.   208 

ECZEMA,    154 

EDEMA,  angioneurotic,    154 

EDESTIN.   22 

EEL.   198.  204 

EFFICIENCY  OF  FEED  UTILIZATION.    146 

EGG(S).  composition  of.    107,    110;indieU, 
75,  76:  in  zoo  diets.   83.   85,   87,   89; 
digestibility  of,    143;  protein  and  rlboflavine 
in,   93 

EGG  ALBUMIN,    131 

EGG  POWDER,    131 

EGG  YOLK,   93 

EGGPLANT,    113,    118,    119.    122.    128 

EISENIA  FOETIDA.  230 

ELAPHAS  MAXIMUS.   88,   89 

ELECTROLYTE(S),  excretion  of,   214;  (See 
also  specific  electrolytes) 

ELEMENT(S).  CHEMICAL.   (See  also  specific 
chemical  elements),   absorption,   retention, 
distribution,   and  excretion  of,    147-149; 
daily  allowances  of,   48-74;  deficiency  and 
excess  symptoms  of.    153.    154,    167-171; 
functions  of.   in  animals,    150-154; 
bacteria,    174-176;  in  nutrient  solutions, 
32;  as  nutrients,  5,   6;  radioactive.    148; 
and  soil  pH,    172.   173;  utilization  of.  21.33 

ELEPHANT.   88,   89 

ELK,   86,   87 

ELM.    105 

EMBRYO,    223.   229 

EMERSON-LEWIS  MEDIUM.  99 

EMODIC  ACID.  217 

EMODIN.    I-hydroxy-,  217;  monomethyl  ether, 
218 

EMU,   90 

EMYS  ORBICULARIS.    197.  203 

ENDIVE.    113,    118,    119.    122 

ENDOCONIDIOPHORA  FAGACEARUM, 
38 

ENDOCRINE  GLANDS.   223 

ENDODERMOPHYTON  (SPP.),   42 

ENDOPARASITIC  HELMINTHS,    231 

ENDOPEPTIDASE,    177 

ENDOTHIA  PARASITICA,    38,    42 

ENERGY,    value  of  foodstuffs.    112-115; 

metabolism,    32,   241-254,   (See  also  BASAL- 
FASTING-,   RESTING-,   METABOLISM); 
production  of,    184-190;  in  tropical  and  sub- 
tropical fruits,    124-127 

ENOLASE,   153.    165.    184.    185 

EITEROKINASE.    177 

ENTEROMORPHA  (SPP.).   239 

ENTOMOPHTHORA  (SPP.),    38 

ENTYLOMA  ARNOSERIDIS,   42 

ENZYME,   condensing-,    189;  racemizing-.    161; 
(See  also  specific  enzymes;  see  also  in 
specific  metabolic  pathways) 

EPAPHIUS  SECALIS,   253,   254 

EPHESTIA  (SPP.),   (See  MOTH) 

EPICHLOE  TYPHINA.   42 

EPINEPHALUS  MORIO,    198,  204 


EPIDERMOPHYTON  (SPP.),   42 

EPINEPHRIKE.   (ADRENALINE).  211 

EPITHELIUM.   94,    164 

EQUISETUM  TELMATEIA,   237 

EQUUS  (SPP. ).   88.   89 

ERDIN.   218 

EREMASCUS  FERTILIS.    42 

EREMOTHECIUM  ASHBYI,   42 

EREPSIN.    177 

ERGOCHRYSIN.   217 

ERGOFLAVIH.   217 

ERGOSTANOL  ACETATE.   9 

ERGOSTEROL.    9,    28.    91.    157.    158.   219 

ERGOSTERYL  PALMITATE,   219 

ERIOBOTRYA  JAPONICA.    124.    126 

ERIOCHEIR  SINENSIS.    199,   206 

ERWINIA  (SPP.).    37.    46 

ERYTHRITOL.    25.    26,    40,   41,    215 

ERYTHROCYTE(S),  22^ 

ERYTHRODEXTRIN(S),    178 

ERYTHROGLAUCIN,    217 

ERYTHROID  CELLS,  222 

ERYTHftOPOIESIS,    150.   153 

ERYX  THEBAICUS.    197.  203 

ESCHERICHIA  COLI.   37,  46.   174.   220.  221, 

240 
ESTERASE.    153 
ESTROGEN(S).   212 
ESTRUS  CYCLE.    154.    164 
ETHANE.    18 
ETHANOL.    11.   34,   40,  41.    185.  215.   220. 

221;  amino-.    10.    11  (See  also  CHOLINE. 

CHOLINE  GROUP) 
ETHYL  ACETATE.   215 
ETHYL  ALCOHOL.   (See  ETHANOL) 
ETHYL  CAROLIC  ACID.  217 
ETHYLENEDIAMINETETRAACETIC 

ACID.   99 
EUDYPTES  CRESTATUSCRESTATUS.  90 
EUGENIA  UNIFLORA.    124.    126 
EUGLENA  (SPP.  ).    13,    15.    34.    35 
EUSTRONGYLIDES  IGNOTUS.  231 
EUTRICHOMASTIX  COLUBRORUM.   31 
EUZETES  ATERRIMUS.  253.  254 
EXCRETION,  of  electrolytes  and  minor 

minerals,  214;  of  hormones  and  vitamins, 

212;  of  lonogens,    147-149;  of  lipids,  211; 

of  minerals,    150-153;  of  miscellaneous 

organic  compounds,   213;  of  nitrogen 

compounds,   209-211 
EXOBASIDIUM  VACCINU.   42 
EXOCRINE  GLANDS.   223 
EXOPjCPTIDASE.    177 
EXPIRiJD  AIR.    148 
EXTRINSIC"  FACTOR.    157 

FACTOR,  blfldus-,   14;  P.   P.-  (See  NIACIN): 
cltrovorum-.  L.  casei-.  Nontc  cluate-. 
-U.   -h.   -S.   (See  FOLIC  ACID  GROUP; 
-W.   -X.   (See  BIOTIN):  -Y,  (See  PYRI- 
DOXINS GROUP);  -II,   L.   bulgaricus-. 
(Sec  PANTOTHENIC  ACID) 

FAGOPYRUM  ESCULENTUM.   96,   97,    105, 
129 

FALCONIFORMES  (SPP.).   90 

F.\SCIOLA  HEPATICA.  231 

FASTING  ENERGY  METABOLISM,   chicken. 
252;  swine.    251 

f  AT(S),   d.iily  allowances  of,   48-74;  calorie 
value  of,   145;  deficiency  of  and  repro- 
ducUoji,    164;  in  diets,   75,   76;  digesti- 
bility uf,    143;  digestion  of,    179;  excretion 
of,   2tl;  in  feedstuffs,    134-137;  in  food- 
stuffs,   112-115;  metabolism  of.    187-189; 
in  milk.    Ill;  as  a  nutrient.    18.   27;  nu- 
trient composition  of.    106;  production  of. 
128-130;  sources  of.  93;  in  tropical  and 
sub-tropical  fruits.    124,    125 

FAT.   butter-,   as  a  nutrient.   27 

FATIGUE,    154 

FATTY  ACIDS.   (See  ACIDS.   FATTY) 

FECES,   electrolytes  in.   214;  iron  in,    192; 
lipids  in,   211;  minerals  in,    150-152;  mis- 
cellaneous organic  compounds  in.  213; 
nitrogen  compounds  in.   209-211;  non-pro- 
tcin  nitrogen  in.    198-201,  204-208;  vita- 
mins and  hormones  in.   212 


FECUNDITY,   21 

FEED,  utilization  of,   146 

FEEDSTUFF(S).   (See  also  specific 

feedstuffs).   digestibility  of.    143.    144; 
composition  of.    132-139 

FELISJSPP. ).   82.    83.   196.   202 

FERMENTATION,    184.    185.   221 

FERN.    237 

FERRIC(OUS),  SALTS.   (See  also 

IRON),   in  culture  media.   94.   98-106; 
metabolism  of,    192;  in  nutrient 
solutions  for  plants,   95;  in  synthetic 
diets.   92 

FERRITIN.    151.    154.    192 

FERTILIZERS,  inorganic,    102,   103; 
organic,    104 

FEVER,  metal  fume.   154 

FIBER,   crude,   carbohydrate  in,    132; 
in  foodstuffs,    112-115;  in  feedstuffs, 
134-137;  in  tropical  and  sub-tropical 
fruits.    124.    125 

FIBRIN.  22 

FIBROBLAST(S),  94.  226 

FICUS  CARICA,   (See  FIG) 

FIELD  CROPS.   105 

FIG.    113,    118,    119,    122,    126 

FILAMENTOUS  FUNGI  (See  also  FUNGI). 
215-219 

FILTRATE  FACTOR,   (See  PANTOTHENIC 
ACID) 

FISH,   74,   78,   79.    183.   197,    198,   204,  205 

FISH.   FISH  PRODUCTS,   calcium,  niacin,  pro- 
tein in.   93;  composition  of,    107,    108,    110, 
132,    133;  in  diets  for  man,   75.   76;  in  diets 
for  zoo  animals.   83.   90;  digestibility  of  143; 
nutrient  losses  in  cooking  of.   142;  -scrap,   in 
fertilizers.   104 

FLAGELLATA,    15.31 

FLAMMULA  (SPP.).   42 

FLAVOCLAUCIN,   217 

FLAVOPROTEIN(S).  189.  191:  (See  also  RIBO- 
FLAVINE) 

FLAX.    105 

FLEA.   rat-.   21;  water-.   230 

FLEXNER-JOBLING  CARCINOMA.  226 

FLOUNDER,    107,    110,    198.   204 

FLOUR.   75.   76 

FLOUR,  blood.   132.    133 

FLUORINE(IDE).  absorption,   retention  of.    149; 
daily  allowances  of.  48-74;  and  dental  caries, 
153:  deficiency  and  toxicity  signs  of.    153;  ex- 
cretion of.    149,   214;  metabolism  of,    151;  in 
milk.    111;  as  a  nutrient,   5;  and  soil  pH,    173 

FLY,    8,    13,    14.    21,    24,    26-28,    30 

FOLACIN,   (See  FX)LIC  ACID  GROUP) 

FOLIC  ACID  GROUP,  daUy  allowances  of,   48- 
74;  in  culture  media,  97.    100;  deficiency  of 
and  reproduction.    164;  excretion  of.  212; 
functions,  deficiency  and  excess  signs  of, 
159:  in  milk.    1 1 1;  as  a  nutrient.    10,    II,  29- 
31.    46.    47;  stability  of,    140 

FOLINIC  ACID.   (See  FOLIC  ACID  GROUP) 

FOMES(SPP. ).   42.   215.   217 

FONTINALIS  ANTIPHRETICA.   237 

FC)ODSTUFF(S).  composition  of.  106-110.  112- 
121;  digestibility  of.  143.  144;  efficiency  of. 
128-130;  reduction  of.   by  iron.    192 

FORAGE  CROPS.    105 

FORMALDEHYfXlGENIC  STEROIDS.   212 

FORMAMIDE.    17 

FORMATE.    180.    213.    215.   220.    221 

FORMIC  ACID,  (See  FORMATE) 

FORMYLKNURENINE,    180 

FOWL,   83,    197.  203.   229.   (See  also 
specific  fowl) 

FOX.   64 

FRAGARIA  (SPP.).   (See  STRAW- 
BERRY) 

FRANCIUM.    148 

FROG.    197.    203.    204.    225.   227 

FRUCTOKINASE.    166.    184.    185 

FRUCTOSE,  25,  26,   38,   39,    178.    184,    185 

FRUITS,   (See  also  specific  fniits).   in  dieU 
of  zoo  animals,   83.   85.  87.   89.   90;  citrus-, 
75.   76;  -crops.    105;  digestibility  of.    144; 
dried-.   93;  respiration  rates  of,  236;  tropi- 
cal and  sub-tropical,    124-127 
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FSF,   (hydrolyied  plasma),    50 

FUCOSE,   25.26 

FUCUS  SERRATUS,  2J9 

FULVIC  AVID.   217 

FUMARASE.    189 

FUMARATE.    15.   34.    180,    182,    183.    189. 

191.   215 
FUMARIC  ACID.   (See  FUMARATE) 
FUMAROALANIDE.  215 
FUMARYLACETOACETIC  ACID.    180 
FUMICACIN.  215 
FUMIGATIN.  217 

FUNGI.  (See  also  specific  fungi),   dietary 
essenuals  for.  42-45;  meubolic  rates  of. 
253,  254;  products  of  carbohydrate  metabo- 
lism in.  215-219;  nutrients  tor,  5-20; 
respiration  rates  of,  238;  utilization  of 
sugars  by,   38,   39 
FUNICULOSIN,   (trihydroxy-methyl-anthra- 

qulnone),   217 
FUSARIA(UM)  (SPP.),   19,   38,   42,  216-219. 

238 
FUSARUBIN,   217 
GADUS  COLLARIS,    198.   204 
GALACTOKINASE.    184.    185 
GALACTOSE.   25.   26.   38.   39.    178.    184.    185 
GALACTOSIDE,   methyl.  25,  26 
GALACTOWALDENASE.    184.    185 
GALLERIA  MELLONELLA.    30 
GALLIUM.   5.    148,    175 
CALLUS  DOMESTICUS,   197,   203 
GANGLION,   227 
GANOpERMA  LUCIDUM.   42 
GAR,    longnose,    198.    204 
GARBAGE,   in  fertilizers,    104 
GARCINIA  MANOOSTANA,    124,    126 
GARDENIA,   (GARDENIA  JASMINOIDES),    105 
GASOLINE,    18 

CASTEROPHILUS  INTESTINALIS,   26 
GASTRIC  MUCOSA,  225 
GASTRITIS,    154 
GASTROPOD,   150,    183,  200,  206, 

(See  also  specific  gastropods) 
GASTROENTERITIS,    153.    154 
GAZELLE.  ARABIAN  (GAZELLA 

GAZELLA  ARABICA).   86.   87 
GELATIN,  22 
GENTISIC  ACID,   215 
GENTISYL  ALCOHOL.  215 
CEPHYREAN  WORMS.    183 
GERANIUM.    105 
GERMANIUM.    148 
GERMINAL  EPITHELIUM.    164 
GESTATION  PERIOD.    164 
GEY  SOLUTION,  94 
GIBBON.   84.   85 
GIGARTINA  TEEDII.   239 
GIRAFFE.   UGANDA  (GIKAFFA  CAMELO- 

PARDALIS  ROTHSCHILDI).   86.   87 
GLADIOLIC  ACID.  215 
GLADIOLUS  (SPP.).   105 
GLAND(S),  223.   (See  also  specific  glands) 
GLAUCIC  ACID,   215 
GLAUCOMA  (SPP.),   8,   31,   201.  208 
GLAUCONIC  ACID.  215 
GLENOSPORELLA  LOBOl,   42 
GLENOSPOROPSIS  AMAZONICA,   42 
CLF  FORMULA,  64,   87-90 
GLIADIN.   22 

GLIOCLADIUM  FIMBRIATUM,  42 
GLOBULIN.    192 

GLOEOCYSTIDIUM  ROSEOCREMUM.   42 
GLOMERELLA  CINGULATA.    38.   42 
GLUCOSAMINE.    17 

GLUCOSAMINIDE.   methyl-N-acetyl-d-.    14 
GLUCOSE,  in  culture  media,   94,   97.   98.    101 
In  synthetic  diets.   91;  excretion  of,  213; 
fermenution  of.  220,221;  produced  by 
funji,  216;  metabolism  of.    184-187,    190; 
as  a  nutrient.   25.   26.   38-41,  69,  225-229. 
231,   232,  238;  phosphates,    184,    185,    190 
GLUCOSIDE(S),  25,  26.   40.  41 
"CLUCOSOL"  SOLUTION,   94 
GLUCOSONE,   216 
GLUCONIC  ACID.   216 
GLUCOSYLCLYCINE.   N-,    14 
GLUCURONIC  ACID.   216 


GLUTACONIC  ACID,  216 
GLUTAMATE.   daily  allowances  of.   23;  In 
culture  media.   98.    100;  excretion  of.   209; 
metabolism  of.    180,    188.    189;  as  a  nu- 
trient.  7.  24.    35-37;  in  protein.    131 
GLUTAMIC  ACID,   (See  GLUTAMATE) 
GLUTAMINE,   in  amino  acid  metabolism.    180; 
in  culture  media  for  bacteria.    100;  as  a 
nutrient.    8.    14.    17 
GLUTARIC  ACID.    180,   216 
GLUTATHIONE,    14,    17,  20,    30,   91.   101 
GLUTEN,  wheat.   22.    131 
GLYCERALDEHYDE-3-PO4,    184.    185 
GLVCERIDE(S).    179.    186 
GLYCEROL.   25.    26.    34.    40.    41.    179.    184- 

186.   216.   220.221 
GLYCEROPHOSPHATE.    184.    185.    186 
GLYCINE,  dally  allowances  of.  23;  in  chloro- 
phyll synthesis.    193;  in  culture  media.    100; 
excretion  of.  209;  metabolism  of.   180.    188; 
as  a  nutrient.   7.   24.   35-37;  in  protein.  131 
GLYCINE  SOJA  (See  SOYBEAN) 
GLYCININ.  22 

GLYCOGEN.   25.  26.    178.    184.    185.    190.  218 
GLYCOGENIC  AMINO  ACIDS.    186.   188 
GLYCOLIC  ACID.  216 
GLYCOLYSIS.    165.    184.    185.   228 
GLYCOSIDE(S),    18.    166 
GLYCURONIC  ACID.   216 
GLYOXAL.  methyl,   216 
GLYOXYLIC  ACID,    180,    183,   216 
GNU.   brindled,   86,   87 
GOAT.    86.    87.    244,   247;  -mUk,    111 
GOITER,    154,    226 
GOLD,    148 
GOLDFISH,    198,   204 
GONADS,   229 

GOOSE,    107,    110.    197,   203,  222 
GOOSEBERRY,    113,    118,    119,    122 
GOOSEFISH,    198,  204 
GORILLA.   84 

GOSSYPIUM  HIRSUTUM.   105 
GRAIN(S).   85.   87,   89,   93,    143,    144,   (See 

also  specific  grains) 
GRANADILLA,    124,    126 

GRAPE(S).   83,   87,    113,    118.    119,    122,    129 
GRAPEFRUIT,    113.    118.    119,    122,    124,    126, 

129 
GRASS,    105,   136,    139.    144,   (See  also 

specific  grasses) 
GRASS  SILAGE.    137,    139 
GRASSHOPPER,  25,   199,  205 
GREEN(S),   93.   (See  also  specific 

greens) 
GREEN  PHYTOFLAGELLATES.   5-20 
GRISEOFULVIN,   218 
GROSSMANNIA  SERPENS.   42 
GROWTH.    146.    153.    154 
GROWTH  FACTORS.    14,    IS,    18.  20,   31,   91, 

92;  (See  also  VITAMINS) 
GRYPHOEA  ANGULATA,  200,   207 
GUANACO.   86,   87 
GUANASE,    181 
GUANIDINE,    14,    17 
GUANIDOACETIC  ACID,  211 
GUANIDOVALERIC  ACID,  a-KETO-,    180 
GUANINE,   10,    13,   101,   181,    183;  -xanthine 

nitrogen,   203 
GUANO,    104 

GUANOSINE,    13,    181;  -deaminase,    181 
GUANYLIC  ACID,    13,    181;  -deaminase,    181 
GUAVA,    113,    118,    119,    122,     124,    126 
GUENON,   beira,   84 
GUINEA  PIG.  9,   32,   222-224,   227,   229.   244 

247 
GULL,   black-necked,   90 
GUMS,   218 
GYMNOASCUS  SETOSUS,   42 

HADDOCK,    108,    110 

IIAEMATOCOCCUS  PLUVIALIS,   34,   35 
HAEMONCHUS  CONTORTUS,   231 
HAIR,    151.    153 
HALIAEETUS  LEUCOCEPHALUS,   (See 

EAGLE) 
HALIBUT.    108 
HALOGENS,  (See  specific  halogens) 


HAM.    106.    109 

HAMBURGER,    106.    109 

HAMSTER.   69 

HANSENULA  (SPP.).   40-42 

HAPLOSPORANCIUM  PARVUM.   42 

HARDEN'S  MEDIUM.   99 

"HARDEN-YOUNG  ESTER".    184.    185 

HAWTHORN.   96,   97,   235 

HAY,    136-139,    144,   (See  also  specific  hays) 

HEADACHE,    154 

HEART.    106.    107.    109.   110.  225,   226 

HEAT,   effect  of  on  nutrients,    140,   141 

HEDERA  HELIX,    105,   233 

HELARCTOS  MALAYANUS,   82.   83 

HELIANTHUS  (SPP.).   96.  97 

HELICOSTYLUM  PYRIFORME,  38 

HELIX  (SPP.),    200,    206,    253, 

254 
HELMINTH(S),   endoparasltic,  231 
HELMINTHOSPORIN,  217 
HELMINTHOSPORIUM  (SPP.).    38,   43 
HELVELLA  INFULA.    43 
HEMATIN.    15,   31 
HEMATOPORPHYRIN,   193 
HEME,    192 

HEMICELLULOSE,   25,  26 
HEMIN.    15.    46.    47 
HEMISPORA  STELLATA.   43 
HEMLOCK,    105 
HEMOCHROMATOSIS,    154 
HEMOCUPREIN,   153 
HEMOCYANIN,    153 
HEMOGLOBIN,  22,    154,    192 
HEMOGLOBINURIA,    153 
HEMOLYTIC  CRISES,    153 

HEMOPHILUS  (SPP.),    12,   46.    47.    100.    101,    174 
HEMOSIDEROSIS.    153 
HEMOSYCOTYPIN.    154 
HEMP.    105 
HEN.   (See  CHICKEN) 
HEPARIN.    19 
HEPATOCUPREIN.    153 
HEPATOFLAVIN.   (See  RIDOFLAVINE) 
HEPTANE.    18 
HEPTYLIC  ACID,   35 
HERBIVORES,   (HERBIVORA).   84-89 
HERBST'S  MEDIUM,   99 
HEREFORD  CATTLE,   245 
HERMITRAGUS  JEMLAHICUS,   86,   87, 

(also  GOAT) 
HERON,  cocoi,   90 

HERPETOMONAS  CULICIDARUM,   8,    13 
HERRING,    108,    110.    153 
HESPERIDIN.   II 
HETEROBIOTIN.    II 

HETEROTROPHIC  BACTERIA.    174.    175 
HEXAHYDRIC  ALCOHOL.   215 
HEXANE,    18 
HEXANOL.   34 

HEXOKINASE.    165.   184,   185.   188 
HEXOSE(S).  215;  (See  also  specific  hexoses) 
HEXOSE  PHOSPHATE(S).    178.    184.    188,   (See 

also  specific  hexose  phosphates) 
HIBISCUS  ESCULENTUS,    114.    118,    119,   123, 

(See  alsoOKRA) 
HIBISCUS,  CHINESE,   (HIBISCUS  ROSASINENSIS), 

105 
HIPPOTRAGUS  NIGER  ROOSEVELTI,  84,   85 
HIRUDO  (SPP.),  201,   207,  208 
HIPPOCAMPUS,   frog,   227 
HIPPOCAMPUS  (SPP.),    198.  204 
HIPPOPOTAMUS,   86,   87 
HIPPURIC  ACID.   203,   209 
HISTAMINE,    180,    211 

HISTIDINE,   in  culture  media,    100;  deficiency  of 
and  reproduction,    164;  excretion  of,  209;  in 
foods,    131;  metabolism  of,    180,    188;  as  a  nu- 
trient,  7,    15,   24.    35-37;  daily  requirement  of. 
23;  alanyl-.    15;  amino-n-butyryl-.    15 
HISTOPLASMA  CAPSULATUM.   43 
HOG.  223.   (See  also  PIG.  SWINE) 
HOLLY.    105 

HOLOTHURIA  TUBULOSA.  201.   208 
HOLSTEIN  CATTLE.  246 
HOLTFRETER  SOLUTION.  94 
HOMINY.   85.   86.   89,   90,    134.    138 
HOMOCYSTEIC  ACID.    180 
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HOMClCYSTEINE,   8,  20.    180 

HOMOCYSTINE,  20 

HOMOGENTISIC  ACID,    180 

HOMOPTERA,  21 

HOMOSERINE,    180 

HONEY,   82,   83 

HONEYDEW  MELON,    113,    118,    119.    122 

HOOF  MEAL.    104 

HORDEUM  (SPP.).   (See  BARLEY) 

HORMISCIUM  DERMATITIDIS.   43 

HORMODENDRUM  (SPP.).   43 

HORMONES.    185.    187.   212;  plant-.    15 

HORN  MEAL.    104 

HORSE.  65.    79.    222.   224,    248 

HORSE  MEAT.   82.   85.   87.   89 

HORSETAIL.   237 

HYACINTH,  (HYACINTHUS 
ORIENTALIS),    105 

HYALOGONIUM  KLEBSH,    34,    35 

HYBORHYNCHUS  (SPP.),    198.   204 

HYDNUM  (SPP.),    43 

HYDROCHLORIC  ACID.    154 

HYDROGEN,   in  culture  media.    174.    175, 
176;  as  a  nutrient.   5.    18.  21,    165:  pro- 
duction of  by  bacteria,  220,   221 

HYDROGEN  ACCEPTORS.    160,    162,    191; 
(See  also  CARBOHYDRATE,   FAT,   PRO- 
TEIN METABOLISM) 

HYDROGEN  SULFIDE,    19,    20 

HYDROCENOMONAS  (SPP.),    176 

HYDROLASE,    181.    182 

HYDROLYZED  PLASMA,   (FSF),   30 

HYDROXOCOBALAMIN,    10 

HYDROXY  BUTYRIC  ACID,    14,    180 

HYDROXYEMODIN,   217 

HYDROXYLAMINE,    17 

HYDROXY-4-METHOXY-TOLUQUINOL.  217 

HYDROXYMETHYL-FURANE-6-  CARBOXY- 
LIC  ACID.   216 

HYDROXYPROLINE,   in  culture  media,   100; 
excretion  of.   210;  metabolism  of,    160,    188; 
as  a  nutrient,  24,   36,    37;  daily  require- 
ments of,   23 

HYDROXYPYRUVIC  ACID,    180 

HYDROXYTYRAMINE,  211 

HYENA,   82,   83,    196.   202 

HYLOBATES  LAR.   84.   85 

HYMENOPTERA,   26,    30 

HYPERPLASTIC  TISSUE,   226 

HYPERTHYROIDISM,    154 

HYPHOLOMA  (SPP.),   43 

HYPNUM  CUPRESSIFORME.   237 

HYPOCHNUS  SOLANI,   43 

HYPOCHROMIC  ANEMIA,    153 

HYPONITRITE,    16 

HYPOTHALAMUS.   227 

HYPOXANTHINE,    10.    13.    181,    183.    219 

HYPOXYLON  PRUINATUM.   43 

ICTALURUS  FURCATUS,    198,  204 

ILEX  (SPP.),    105 

IMIDAZOLE  DERIVATIVES,   211  (See  also 
specific  Imidazole    compounds) 

IMIDES,    17 

IMPATIENS  BALSAMINA,    105 

INANITION,    153,    164 

INDICAN,   211 

INDIELLA  AMERICANA,   43 

INDOLE,    14.    17.    180 

INDOLEACETIC  ACID.    15,    17.  97.    166 

INDOLEPYRUVIC  ACID,    180 

INORGANIC  FERTILIZERS.    102,    103 

INORGANIC  SALTS,   (See  also  specific  inor- 
ganic salts),   stability.    141 

INOSINE.    181.    182 

INOSITOL,  daily  allowances  of.   48-74;  in 
culture  media.    100;  excretion  of.   212;  in 
synthetic  diets.   91;  in  lipid  digestion.    179; 
functions  of.   deficiency  and  excess  signs 
of.    159;  in  milk,    1 1 1;  as  a  nutrient,    10.   25. 
26.  29-31.   40-47;  stability  of.    186 

INSECT(S),   (INSECTA).   5-22.   24-30.   91,  92. 
199,   205,   230,   (See  also  specific  insects) 

INSULIN,    185,    187 

INTESTINAL  BACTERIA,   179,    192 

"INTRINSIC"  FACTOR,    157 

INULIN,   25,   26,   40,   41 


INVERT  SUGAR,   (See  SUCROSE) 

INVERTASE.    178 

INVERTEBRATES.   5-22,  230,  {See  also 
specific  invertebrates) 

lODINE(lDE),   absorption,   retention  of.    149; 
daily  allowances  of.   48-74;  deficiency  of 
and  reproduction.    164;  excretion  of.   149. 
214;  in  foodstuffs.   117.    119.    121;  function, 
deficiency  and  toxicity  signs  of.    154;  in 
metabolism.   151;  in  milk.   111;  as  a  nu- 
trient,  5,    33;  and  soil  pH,    172 

lODISM,    153 

lODOPSIN,    155 

IPOMOEA  BATATAS.   (See  SWEETPOTATO) 

IRIS,   bearded  (Iris  spp.),    105 

IRON.   (See  also  FERROUS(IC)).   absorption, 
retention  of.    147;  daily  allowances  of.   48- 
74;  in  chlorophyll  synthesis,    193;  loss  of 
in  cooking,    142;  in  cytochrome  system, 
191;  excretion  of,    147,   214;  in  feedstuffs, 
133.    138.    139;  in  foodstuffs.    109.    110. 
117.    119.    121;  function,  deficiency  and 
toxicity  Signs  of.    154.    167.    168,    170;  in 
metabolism,    151;  metabolism  of,    154, 
192;  in  milk.    HI;  in  nutrient  solutions. 
5.   21.   33.    174-176;  producUon  of.    128- 
130;  sources  of.   93.    192;  and  soil  pH.    172; 
in  tropical  and  sub-tropical  fruits,    126. 
127 

IRON  BACTERIA.    176 

IRON  SALTS,  in  culture  media.   94-97 

IRON  COMPLEX-GLOBULIN,   192 

IRON  PHOSPHOPROTEIN  (See  FERRITIN) 

ISETHIONIC  ACID,   8,   20 

ISLANDICIN.   217 

ISOACHLYA  MONILIFERA.   43 

ISOALLOXAZINE,   (See  RIBOFLAVINE) 

ISOBUTYRIC  ACID,    180 

ISOCITRATE,    15,    189 

ISOCITRIC  DEHYDROGENASE,   189 

ISOLEUCINE.  in  culture  media,    100;  ex- 
cretion of.  210;  metabolism  of,    180,    168; 
as  a  nutrient,   7,  24.    36.   37;  daily  require- 
ments of.    23:  SUblllty  of.    141 

ISOMERASE,    184,    165.   (See  also  specific 
isomerases) 

ISOPODS.    199,  206,   230 

ISOPROPYL  ALCOHOL.  221 

ISOPTERA.   25 

ISOTOPES.    148 

ISOVALERIC  ACID.    180 

ITACONIC  ACID.   216 

ITATARTARIC  ACID,  216 

IVY,    105,   233 

JACK  FRUIT,    124,    126 
JAGUAR,    62,    83 
JAUNDICE.    153 
JAVANICIN,  216 
JENSEN  SARCOMA.   226 
JUGLANS  (SPP.),  (See  WALNUT) 
JUNIPER,  COMMON,   (JUNIPERUS  COM- 
MUNIS),  235 

KAINITE.   102 

KALANCHOE  (KALANCHOE  BLOSSFEL- 
DIANA),    105 

KALANCHOE  (BRYOPHYLLUM  SP.),   233 

KALE,    93,    113.    118,    119,    122,    128,    142 

KANGAROO,   red.   88.   89 

KELP.    104 

KENTUCKY  BLUEGRASS,    105 

KERASIN.   27 

KERATINIZATION.    153 

KEROSENE.    18 

KETELIERIA  (KETELIERIA  DAVIDIANA). 
96.   97 

KETOADIPIC  ACID,  a-,    160 

KETOBUTYRIC  ACID,  a-,   180 

KETOGENIC  AMINO  ACIDS.    186.    189,  (See 
also  specific  amino  acids) 

KETOGLUTARAMIC  ACID,  a-,   180 

KETOGLUTARATE,  a-,    15,    169 

KETOGLUTARIC  ACID,   (See  KETOGLUTA- 
RATE) 

KETOGLUTARIC  DEHYDROGENASE,   189 

KETOISOCAPROIC  ACID,   180 


KETOISOVALERIC  ACID,  o-,  180 

KETONE(S).   18 

KETOPENTADECOIC  ACID.r-,  216 

KETOSTEROIDS.   212 

KETOSUCCINAMIC  ACID.  0-,  180 

KIDNEY.    106.    107.    109,    147-149,    156,    158, 

161-163,    225;  -cortex.   224 
KINIXYS  (SPP.),   197,  203 
KINOSTERNON  SUBRUBRUM,    197,   203 
KLEBSIELLA  PNEUMONIAE,    175 
KLOECHERA  (SPP.),   41,   43 
KNOP'S  MEDIUM,   99 
KOILONYCHIA.    153 
KOJIC  ACID,   216 
KREBS  CYCLE,    15,   185,    187-190 
"KREBS-HENSELEIT  CYCLE",  (ORNITHINE 

CYCLE).    183 
KUDU,  greater,   86,   67 
KYNURENIC  .ACID,    180 
KYNURENINE.   3-hydroxy-,    180 
KYNURINASE.   161 

LABILE  METHYL  GROUPS.    153.    156,    157 
LABILITY  OF  NUTRIENTS,    140,    141 
LABORATORY  ANIMALS,   (See  also  specific 

laboratory  animals),  diets  for,   77-81 
LABYRINTHULA  VITELLINA,   9 
LACCASE,    165 
LACERTA  (SPP.).    203 
LACHNUM  PYGMAEUM.   43 
LACTALBUMIN.  22.    Ill 
LACTARIUS  DELICIOSUS.   43 
LACTASE.    176 
LACTATE.   34.   40.   41.    165-187,   190,  213. 

216.    220.   221,   228 
LACTATION,   61,  62,   65,  67.   70.   71,   111,    164 
LACTATION  MILK,    111,   (See  also  COLOSTRUM. 

TRANSITIONAL  MILK) 
LACTIC  ACID,   (See  LACTATE) 
LACTIC  ACID  DEHYDROGENASE,    165 
LACTOBACILLUS  (SPP. ),   8,    12,    13.   37,  47. 

100,    101,    175,  220,  221,  240 
LACTOBACILLUS  CASEI  FACTOR,   (See  FOLIC 

ACID  GROUP) 
LACTOBACILLUS  BULGARICUS  FACTOR  (See 

PANTOTHENIC  ACID) 
LACTOFLAVIN  (See  RIBOFLAVINE) 
LACTOGLOBULIN,    HI 
LACTOSE.   25,    26,    36-41.    176 
LACTUCA  SATIVA  (See  LETTUCE) 
LAMA  (SPP.).   86.   87 
LAMB.   93,    106,    109 
LAMBERTELLA  (SPP.),   43 
LAMELLIBRANCHS.    183 
LAMINARIA  PHYLLITIS.   239 
LANTHANUM.    148 
LARD.   69.   106.    109 
LARUS  MARINUS,  90 

LASIODERMA  SERRICORNE.  22.   25.  27-29 
LAUREL,   cherry.  233 
LAURIC  ACID.   28 
LEAD.    21.    148.    214 
"LEAF  FACTOR".   92 
LEAF  (LEAVES).    166-171.   233 
LECITHIN.  27.    157.    166,   179.    166.  219;  -oil. 

30 
LECITHINASE.    179 
LEECH.   201 

LEGUMES.    93.    142.    194 
LEISHMANIA  (SPP. ).    31.   232 
LEMON.   105.    113.    116,    119.    122.    124.    126, 

129.  236 
LENTINUS  (SPP.).   43.   219 
LENZITES  (SPP.).   38.   43 
LEOPARD.    82.    83.    196.   202 
LEPIDIUM  SATIVUM.    105 
LEPIDOPTERA.   21.   22,   25.  28.   30 
LEP1IX)STEUS  OSSEUS.    198.  204 
LEPIOTA  (SPP.).   43 
LEPTOMITUS  LACTEUS.   38 
LEPTOMONAS  (SPP.).   232 
LEPTOPTILOS  DUBIUS.   90 
LESPEDEZA  HAY.    136.    139 
LETTUCE.   85.   67.   69.    105,   113.    118.    119, 

122,    128,    170,    171,   233 
LEUCINE,   in  culture  mediu,    100;  deficiency  of 

and  reproduction.   164;  excretion  of.  210; 
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91, 
,    (See 


meUboUsm  of.   180.    188;  as  nutrient.   7. 
23.  24.  35-31:  in  proton  foods.   131; 
stability  of.    Ml 
LEUCOCYTE,   222.  226 
LEUCONOSTOC  (SPP.).  8.    11-13.   37.   47. 

100.    175.   220,   240 
LEUCOPHOENICIN.   218 
LEUCYLDIGLYCINASE.    154 
LEUCYLPEPTIDASE.    154 
LEVAN.   218 

LEVULOSE.  (See  FRUCTOSE) 
LEWIS'  MEDIUM.   99 
LICHENS,  238 
LIGHT,  effect    of  on  nutrient  subUity, 

140.    141 
LIGIA  OCEANICA.    199.   206 
LIGUSTRUM  LUCIDUM.  233 
LILIUM  LONGIFLORUM.    105 
LILY,    Easier.    105 
LIMAX  AGRESTIS,  200,  207 
LIME  (fruit),    113,118,    119,    122.    124.    126 
LIME,   (mineral).    103.   (Sec  also  CALCIUM) 
LIMNAEA  STAGNALIS.   200.   207.  230 
LIMNOTRACUSSPEKU,   86.   87 
LINCOLN  PARK  ZOO.  diets  of  animals  in. 

82-89 
LINOLEIC  ACID,   functions  of,    163;  in  milk, 
111;  as  nutrient.   9.  28-30;  57.  59; 
stability  of.    141;   in  synthetic  diets. 
(See  also  ACIDS.   FATTY) 
LINOLENIC  ACID.  9.  28.   57,   59,    163 

also  ACIDS.   FATTY) 
LINSEEX)  OIL  MEAL.    143 
LINUM  USITATISSIMUM.   (See  FLAX) 
LION.   82,   83 

LIPID(S).   in  synthetic  diets.   91;  digestion 
of,    179;  production  of  by  fungi.   219; 
meUbolism  of,    152.    186,    187;  as  nutrient, 
8.  9.  27,  28,  (See  also  tats,  triglycerides 
phospholipids,    waxes;  see  alsospecific 
lipids) 
LIPOIC  ACID,    11,   15.  20.   31.   187.    189 
LIPOTHI AMIDE.    II.    15 
LIPOTROPIC  FACTOR.    159 
LITCHI  CHINENSIS.    124.    126 
LITHIUM.    147,    173 
LITTORINA  LITTOREA.  200.  206 
LIVER,   composition  of.    106,    109,    HO; 

-damage,    153;  in  zoo  diets,   90;  -extract, 
69;  ferritin  in,    192;  retention  of  ionogens  in 
147-149;  -meal,    143;  minerals  in.   150.    151 
nutrients  in.   93;  oxygen  consumption  of, 
224,  225;  -protein.  II 
LIZARD.    197.   203 
LLAMA.   86.   87 
LOBSTER.   108.    110 
LOCKE'S  SOLUTION.  94 
LOCUST,  black.    105 
LOIN.   veal.    107.    110 
LOPHIUS  PISCATORIUS.    198.  204 
LOPHODERMIUM  PINASTRI,   43 
LOQUAT.    124 

LOXOtXDNTA  (SPP.).   88.   89 
LUCILIA  SERICATA.  21.  24,   27.   (See  also 

LUMBRICUS(SPP.).   (See  EARTHWORM) 

LUNG,    223.    224 

LUNGFISH,    198.   204 

LUTEIC  ACID,   218 

LUTEOLEERSIN,   217 

LUTEOSE,  218 

LYCHEE,    124.    126 

LYCOMARASMIN,   219  , 

LYCOPERSICON  ESCULENTUM,  (Sec  TOMATO) 

LYCOPERSIN,   218 

LYCOSA  (SP.),   253,   254 

LYCTUS  (SPP.),  25 

LYMPH  NODES,   222 

LYNX,  Yukon,   82,   83 

LYSINE,  in  culture  media,  100;  excretion  of, 
210;  metabolism  of,  180;  as  a  nutrient,  8, 
24,  35-37;  in  proteins,  131;  requirements 
of,   23;  stability  of,    141 

LYXOFLAVIN.(S«c  RIBOFLAVINE) 

LYXOSE,   25.   26 

MACACA(SPP.).   66.   84,   85 


MACKEREL,   83.  90 
MACROCHELES  (SP.).  253,  254 
MACROPUS(SPP.).   88.   89 
MACROSPINUM  ROSAE.  21 
MADURELLA  AMERICANA.   43 
MAGNESIUM,  absorption,   retention  of.   147; 
daily  allowances  of.  48-74;  deficiency  symp- 
toms of.    167.    168.    170;  excretion  of.  147, 
214;  in  fertilizers,    102-104;  in  foodstuffs, 
117,  119,  12l;functlonsot.  165;  in  metabolic 
reactions,    187,    189;  metabolism  of,    151; 
in  milk,   HI;  as  a  nutrient,  5.  21.   33.  174. 
175;  in  nutrient  solutions  for  plants,   32; 
toxicity  symptoms  of,    167;  and  soil  pH,    172 
MAGNESIUM  SALTS.   92.   94-96.  98.   99.   101 
MAGNESIUM  PROTOPORPHYRIN.    193 
MAGNESIUM  VINYL  PHEOPORPH YRIN. 

PHYTL  ESTER,    193 
MAGNOLIA  (MAGNOLIA  GRANDIFLORA),    105 
MAJA  SQUINADO,    199,  206 
MALACOSOMA  NEUSTRIA.  26 
MALESSEZIA  FURFUR.    43 
MALATE,    15,   34,    180,    189,   216 
MALIC  AClD,(See  MALATE) 
MALIC  DEHYDROGENASE,    189 
MALIC  ENZYME,    189 
MALIGNANT  TUMORS,  226 
MALONIC  ACID,    181,   216 
MALPHIGIA  PUNICIFOLIA,    125.    127 
MALTASE.    178 

MALTOSE.  25.  26.   34.   38-41.    178 
MAMMALS,   10.   82-89.   147-149.    153.    15', 
164,    177-179,    182,    186,    192.    196.  202. 
203.   224;  (See  also  specific  mammals) 
MAMMARY  GLANDS,   229 
MAN,    8,    23,    48-59,    75,    76,    111,    145.    153- 

163,    196.    202.   241-244 
MANGANESE,  absorption,   retention    of.    147. 
daily  allowances  of.   48-74;  deficiency  of 
and  reproduction.    164;  deficiency,   signs 
ot     154,    167.    168.    170;  excretion  of.    147. 
214;  in  teedstutfs.    133.    138.    139;  in  food- 
stuffs.   117.    119.    121;  funcUons  ot.    154. 
165;  in  metabolic  reactions.    184.    185.    189; 
meUbolism  ot.    151;  m  milk.    Ill;  as  nu- 
trient.  5.   6.  21.   33.    174.    175;  in  nutrient 
solutions,  plants.   32.   95.   97-99.101;  and 
soil  pH.    172;  toxicity  symptoms  ot.  154 
MANGO  (MANGIFERA  INDICA).   113.    118. 

119,    123,    124,    126 
MANGOSTEEN.    124.    126 
MANNITOL.    16.    25,   26,    40.    41 
MANNOKINASE.    184 
MANNONIC  ACID.   216 
MANNOSE,  25,  26,    38,    39,    184 
MANNOSIDE,   methyl.   25.  26 
MANURE.    102.    104 
MANZANILLA.    124.    126 
MAPLE,    sugar.    105 
MARASMIUS  (SPP.).    43.    215 
MARIGOLD.   African.   96.   97 
MARMOSET,   red-headed,   84.   85 
MAHTINIA  PANAMAENSIS.    43 
MARSUPIALIA,   88.   89 
MASH.    72 

MATTIIIOLA  INCANA.    105 
Mc  COLLUMS  MIXTURE.   92 
MEAL,  blood,    132,    133 
MEALWORM,    14.  22,  24.  25,   27-29.   91,   92, 

230 
MEAT,  (See  also  specific  meaU  and  meat 
products),   composition  ot,    106,    107, 
109     110,    143;  in  diets  of  man,   75,  76; 
in  diets  ot  zoo  animals,   82,   85,   87.   89.   90 
digestibUity  ot.    143;  nutrient  loss  in  cooking 
of.    142;  as  source  ot  nutrients.   93 
MEAT  AND  BONE  SCRAP.  132.    133 
MEDIA,   culture.   (See  also  SOLUTIONS),  tor 
algae,   99;  tor  bacteria.   100,    101;  for  fungi, 
98,  for  animal  tissue.   94;  for  plant  tissue. 
96.   97 
MEDICAGO  SATIVA.   (See  ALFALFA) 
MEDULLA.   227.   228 
MELANCONIUM  (SPP.).   39.   43 
MELANOPUS(SPP.).   (See  GRASSHOPPER) 
I  MELANOSPORA  DESTRUENS.   43 
JMELEZITOSE,  25.   26.  40.  41 


180; 


MELIBIOSE.  25.  26.  40,  41 
MELICOCCA  BIJUGA,    125,    127 

MELILOTUS  ALBA.(See  SWEETCLOVER) 

MELLEIN,   216  

MELON,(See  HONEYDEW  MELON,  WATER- 
MELON) 

MEMNONIELLA  ECHINATA.   39.  43 

MENADIONE,   (See  VITAMIN  K) 

MENSTRUAL  CYCLE,   164 

MERCAPTOPYRUVIC  ACID,    180 

MERCURY,    21,    148,   214 

MERULIUS  (SPP.).   43.   215-217 

METABOLIC  PATHWAYS,   amino  acids, 
carbohydrate.    184.   188;  iron.    192; 
lipid.    186-189;  muscle  activity.    190; 
nucleoproteins.    182;  protein.    188.   189; 
purine  and  pyrimidine  nucleotides,    181 

METABOLIC  PRODUCTS,    196-221,   (See  also 
specific  metabolic  products) 

METABOLIC  RATE(S),    154.  253.   254 

METABOLISM.   (See  also  catabolism).  amino 
acid,    180;  basal,  man,  241-243;  carbo- 
hydrate,   184,    185.  188,    189,   215-221; 
effect  ot  essential  elements  on,    165,    166; 
energy,   32,   241-254;  fasting,  251,  "2; 
iron,    192;  via  Krebs  Cycle,    189;  lipid,    186- 
189;  mineral,    150-153;  muscle  activity.   190; 
nucleoproteins  and  derivs.    181-183;  corre- 
lation ot  nutrients  with.   32;  of  protein,    182. 
183,    188,    189;  resting,   245-252;  in  soil 
organisms,  253.  254;  ot  vertebrates.  244- 

METABOLIZABLE  CALORIES,   132.    134-137 
METHANOBACTERIUM  OMELIANSKI.    176 
METHANOSARCINA  BARKERU,    18 
METHANOL,   34,    193 
METHIOLBUTYRIC  ACID.    180 
METHIONINE,  deficiency  of  and  reproducUon. 
164;  as  methyl  donor.    157;  excreUon  ot.  210; 
metabolism  ot.    180.    188;  in  animal  metabo- 
lism.   152;  as  nutrient.    8.    20,    23,    24,   36,    37, 
57     61,   67,   72.   100;  in  proteins,    131;  sta- 
bility o',    l*'-  (See  also  SULFUR,   SULFUR 
CONTAINING  AMINO  ACIDS;  also  under 
AMINO  ACIDS) 
METHIONINE  SULFOXIDE.   20,  211 
METHYLATED  CARBOHYDRATES,    25,    26 
METHYL  ALCOHOL,   (See  METHANOL) 
METHYL  GROUPS.    153,    156,    157  (See  also 

LABILE  METHYL  GROUPS) 
METHYLAMINE.    17 
METHYLBUTVRIC  ACID,    180 
METHYLCARBINOL,  acetyl,  221 
METHYL  GLYOXAL,  216 
METHYL  SALICYLIC  ACID.   216.   (See  also 

MELLEIN) 
METHYL  TITRONIC  ACID.  216 
METHYLVALERIC  ACID.    180 
MICROCOCCUS  (SPP.).   240 

MICROORGANISMS.   (See  also  FUNGI.  ALGAE. 
BACTERIA.   YEASTS;  see  also  specific 
microorganisms),   denitritication  by.   194 
MICROSPORUM  (SPP.).  43 

MIDBRAIN.  228  ,,,,,,     i,,. 

MILK,   composition  ot.    106.    109.    HI.    Ui.    13», 

in  diets  tor  man,   75,   76;  in  diets  for  zoo  am- 

mals,  82-85;  digestibility  ot,   143:  as  nutrient 

source,   59,   68,   93 

MILK,   skimmed,    132,    133 

MILKWEED,   swamp,   234  ,    ,     j  „ 

MINEHAL(S),   (See  also  specific  minerals),  dally 
allowances  ot,   48-74;  loss  ot  in  cooking,   142; 
in  culture  media,   32;  deficiency  symptoms  of. 
167-171;  excretion  ot,  214;  in  feedstuffs,    133, 
138     139;  in  fertilizers,    102-104;  m 
foodstuffs,    106-110,    116-121;  tunctions  of, 
150-154.    174-176;  in  milk,    11 1;  as  nutrient, 
5     6    21.   33:  and  soil  pH.    172.    173:  toxicity 
symptoms  of.    167;  in  tropical  and  sub-tropi- 
cal fruits.    124-127 
MINERAL  METABOLISM.    150-153 
MINERAL  OIL;  18 
MINERAL  SALTS.   (See  specific  compounds  as 

calcium  salts,   iron  salts) 
MINIOLUTEIC  ACID.  216 
MINK.  64 
MINNOW.    198.   204 
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MIQUEL  MEDIUM.   99 

MOLASSES,  cane.  85.   87.   89.   90.    134.    138 

MOLD(S).   (See  also  specific  molds,   fungi), 

metabolic  products  of.   215-219;  -starch. 

218 
MOLISCH'S  MEDIUM.   99 
MOLLUSCA  (MOLLUSKS).   b,    150.    153.    200. 

206,    230.    253,   254 
MOLYBDENUM  (MOLYBDATE).   absorption, 

retention,   excretion  of.    149;  deficiency 

symptoms  of,    167,    169.    171;  functions  of. 

165;  metabolism  of.   151;  as  nutrient.   6. 

32.    174,    175;  in  nutrient  solutions,    95. 

99; -oxide.  99;  and  soil  pH.    172.    173; 

toxicity  symptoms  of.    167 
MOLYBDIC  ACID.    (See  MOLYBDENUM) 
MONASCOFLAVIN.   218 
MONASCORUBIN.    218 
MONASCUS  PURPUREUS.   43.   218 
MONHYSTERA,    253.    254 
MONIEZIA  EXPANSA.    231 
MONILIA  (SPP.).    43.   215,   218 
MONILINIA  (SPP.).   39.   43 
MONKEY.   66.   79,   84.   85,   145,  244 
MONOCYTES.   94 
MONOGLYCERIDES.    179.    186 
MONOIODOTYROSINE.    154 
MOOSE.   86,   87 

MONOPOTASSIUM  PHOSPHATE,   103 
MONOSACCHARIDES,   225,   (See  also  specific 

monosaccharides) 
MONOSPORIUM  APIOSPERMUM,   39.  43 
MONOVJNYLMONHYDROXYETHYL 

PORPHYRIN.    193 
MORA,    124.    126 
MORTIERELLA  (SPP.).    43 
MOSQUITO,   21.   22,  24.  26-28,   30 
MOSS.  237 
MOTH(S).   21,  22.  25-28,   30,   91,   92,    199, 

205 
MOUSE.   8.  23.   69,   90.   222-224.  226,  227, 

229,   244 
MUCOR  (SPP.),   39,   43,  215,  217,  218 
MUCORALES.    16,  216 

MUCOSA  (MUCOUS  MEMBRANES),    192,  222 
MULE,    249 

MUNTIACUS  REEVESE,   86.   87 
MUNTJAC.   Reeve's,   86.   87 
MUSA  PARADISIACA.    (See  PLANTAIN); 

--SAPIENTUM.  (See  BANANA) 
MUSCA  DOMESTICA  (See  FLY) 
MUSCLE.    154.    190.  225 
MUSHROOM.    113,    118.    119.    123 
MUSSEL,   200,    207,    230 
MUSTARD,   93 

MUSTARD  GREENS,    113,    118,    119,    123 
MUSTELUS  (SPP.),  (See  DOGFISH) 
MYA  ARENARIA  (See  CLAM) 
MYCELIUM  (SPP.).    43 
MYCENA  (SPP.).   43 
MYCOBACTERIUM  (SPP.).  240 
MYCOBACTIN.    15 
MYCODERMA  (SPP.).  43,  253,  254 
MYCODEXTRAN,    218 
MYCOPHENOLIC  ACID,  216 
MYCOSPHAERELLA  (SPP.).  43 
MYCOTORULA  LACTIS.   43 
MYELOID  CELLS.    222 
MYER'S  MEDIUM.   99 
MYOGLOBIN.    154.    192 
MYOXOCEPHALUS  OCTODECIMSPINOSUS. 

198.   204 
MYRISTIC  ACID.  28 
"MYRJ"  G  2144.    9 
MYROTHECIUM  VERRUCARIA.  238 
MYSTAX  MIDAS.   84.   85 
MYTILUS  EDULIS.   (See  MUSSEL) 
MYXEDEMA,    154 

NADSONIA  FULVESCENS,   41 
NALGIOLAXIN,   218 

NAPHTHALENEACETIC    ACID,    15,   97 
NARCISSUS  (SPP.),    105 
NASAL  POLYP,   226 
NASTURTIUM,    105 
NECTRIA  COCCINEA.   43 
NEISSERIA  GONORRHOEAE.    14 


NEMASTOMA  (SP.).    253,   254 

NEMATHELMINTHES,   230 

NEMATODA.    253,   254 

NEMATODIRUS  (SPP.),    231 

NEMATOSPORA  (SPP.).    41,    43 

NEOCOSMOSPORA  VASINFECTA,   39,   43 

NEOAPLECTANA  GLASERI,    231 

NEODYMIUM.    148 

NEOMYCIN,    14 

NEPTUNIUM.    148 

NERVE  TISSUE.    153.    154,    227,   228 

■■NEUBERG  ESTER",    184,    185 

NEUROSPORA  (SPP. ),   8,    12,   43,  98,  217, 
238 

NEW  YORK  ZOOLOGICAL  PARK,  diets  of 
animals  in,    82-90 

NIACIN  (-AMIDE),  daUy  allowances  of,  48- 
74;  loss  of  in  cooking,   142;  in  culture 
media,    97;  synthetic  diets  for  insects,    91, 
92;  excretion  of,  212;  in  feedstuffs,    133, 
138,    139;  in  foodstuffs,   109,    110,    122, 
123;  functions,  deficiency  and  excess 
signs  of,    160;  metabolic  end  product,    180; 
in  mUk,    HI;  as  nutrient,   8,    10,    15,    17, 
29-32,    42-47,    98.    100;  production  by 
plants.    128-130;  stability  of.    140;  selected 
sources  for,    93;  in  tropical  and  sub-tropi- 
cal fruits.    126,    127 

NIACINAMIDE.    (See  NIACIN) 

NICKEL,  absorption,   retention  of.   147; 
-chloride.  97;  excretion  of,   147,   214;  as 
nutrient.   21:  and  soil  pH.    173;  -sulfate,  99 

NICOTIANA  TABACUM.   (See  TOBACCO) 

NICOTINAMIDE.   (See  NIACIN);  METHYL-. 
212 

NICOTINIC  ACID.   (See  NIACIN) 

NILGAI.   86.    87 

NIOBIUM.    148 

NIPPOSTRONGYLUS  MURIS.  231 

NITELLA  CLAVATA.  239 

NITRATE(S).    16.    35.    98.    165.    194,    214;    (See 
also  NITROGEN) 

NITRIFYING  BACTERIA,    176 

NITRITE(S),    16,    194;  (See  also  NITROGEN) 

NITROGEN,   (See  also  NITRATE,   NITRITE), 
absorption,   retention  of.    149;  balance,   23; 
compounds,   7,    32,   99,   219;  deficiency 
symptoms  of,    169,    171;  in  excreta,    196- 
208;  excretion  of,    149,   209;  in  fertilizers. 
102-104;  fixation.   6.    16.    194;  funcUon  of. 
165,    176:  non-protein-,    196-211;  as  nutri- 
ent.  6,    16.    18.    33.    36.    37.    99.    174-176; 
protein-.   209;  and  soil  pH.    172;  nutrient 
sources  of.    16.    17.   35;  toxicity  symptoms 
of.    167 

NITROGEN  CYCLE.    194.    195 

NITROGEN-FREE  EXTRACT.    132.    134-137 

NITROGEN-FIXING  ALGAE,   99 

NITROHYDROXAMATE,    16 

"NITROLIME",    103 

NITROSOMONAS  (SPP.),    17,    176 

NITZCHIA  CLOSTERIUM,   34,   35 

NONYLIC  ACID,    35 

NOPALEA  COCHENILLIFERA.    125,    127 

NORADRENALINE,   (NOREPINEPHRINE),   211 

NORITE  ELUATE  FACTOR,   (See  FOLIC  ACID 
GROUP) 

NORLEUCINE,   24,   36,   17,    100 

NOSOPSYLLUS  FASCIATUS.   21 

NOSTOCACEAE,    16 

NOTASPIS  COLEOPTRATUS.   253,  254 

NOTIOPHILUS  BIGUTTATUS,   (See  BEETLE) 

NUCLEIC  ACID(S),    17,    182,    183 

NUCLEODEPOLYMERASE,    182 

NUCLEOPROTEINS,    166,    182,    183 

NUCLEOPROTEINASE,    182 

NUCLEOSIDE(S),    181-183;  -PHOSPHORY- 
LASE,    181 

NUCLEOSIDASE,    182,    183 

NUCLEOTIDE(S).    17,    181-183 

NUCLEOTIDASE,    182,    183 

NUMBFISH,   TORPEDO,    198,   205 

NUPHAR  ADVENUM,    233,    234 

NUT,   75,    76,   93;  (See  also  specific  nuts  as 
BRAZIL  NUT) 

NUTRIENT(S),   (See  also  specific  nutrients), 
absorbability  of,   7,   8,  143;  allowances  for: 


CAT,  60;  CATTLE-BEEF,   61;  CATTLE- 
DAIRY,  62;  CHICKEN,  72;  CHICKEN,  GERM- 
FREE.   68;  DOG.   63;  FISH,   74;  FOX,   64; 
HORSE,  65;  MAN.  (USA.  CANADA,  UNITED 
KINGDOM),  48-59;  MINK,  64;  MONKEY,   66; 
RAT,  67;  RAT,  GERM-FREE,   68;  RODENTS, 
69;  SHEEP,    70;  SWINE,    71;  TURKEY,    73; 
calorie  values  of,    145;  deficiency  of  and  re- 
production,   164;  digestible,    132,    134-137; 
digestibility  of,    143,    144;  in  feedstuffs,    132, 
134-137;  in  foodstuffs,    106-123,    128-130;  tor 
living  organisms,   5-20;  requirements,   fac- 
tors affecting.   32;  sources  ot   93;  stability  of 
140.  141;  in  synthetic  diets  for  insects,  91,  92 

NYCTALIS  ASTEROPHORA.  43 

NYCTEA  SCANDIACA.   90 

OAK.    105 

OAT(S).   84-90.    105.    114.    118,    119,    123,   129, 

134-139.    142.    143,   235 
OATMEAL,    143 
OCELOT,   82.  83 
OCHRACIN.  216 
OCTADECADIENOIC  ACID,    111 
OCTANE,    18 

OCTOPUS,   (OCTOPUS  VULGARIS),  200,  206 
OCTYLIC  ACID,    35 
OIDIUM  (SPP.).   218 
OIL(S).   75.   76;  (See  also  specific  oils) 
OKAPI  (OKAPIA  JOHNSTONI).   86.  87 
OKRA.    114.    118.    119.    123 
OLEIC  ACID.   9.   28.   30 
OLIGOSACCHARIDE(S).    178;  (See  also  specific 

oligosaccharides) 
OMPHALIA  GRACILLIMA,   43 
ONION,    87,    105,    114,    118,    119,    123.    128.    142, 

234 
ONISCUS  ASELLUS,   (See  BUG;  ISOPOD) 
OOSPORA  (SPP.),   217,  218 
OPHIOBOLUS  (SPP.),    39,43 
OPHIOSTOMA  (SPP.),   43 
OPILLIONES,   25J,  254 
"OPSINS",    155 
ORANGE,   85,   90,    105,    114,    118,    119,    123,    124, 

126,    129,  236 
ORANGUTAN,   84,   85 
ORCHARDGRASS  HAY,    136,    139 
ORCHESELLA  FLACESCENS,  253,  254 
ORCHID,  7 
ORGANIC  COMPOUNDS  (See  specific  organic 

compounds) 
ORGANIC  FERTILIZERS,    104 
ORIBATEI,    253,    254 
ORNITHINE.    180.    182.    210 
"ORNITHINE  CYCLE".    182.    183 
OROTIC  ACID.    12 
ORTHOPTERA.    22.    24.   25,   27.    28 
ORYZA  SATIVA.   (See  RICE) 

ORYZAEPHILUS  SURINAMENSIS.    (See  BEETLE) 
OSCILLARIA.    19 
OSTEOSCLEROSIS.    153 
OSTERTAGIA  CIRCUMCINCTA,   231 
OSTRICH,   90 
OVARY,    153,    164,  229 
OVIS  CANADENSIS  C,   (See  SHEEP) 
OVOFLAVIN;  (See  RIBOFLAVINE) 
OWL,   90 
OX,   227 

OXALACETATE,    15,    165,    180,    187.    189 
OXALACETIC  ACID,   (See  OXALACETATE): 

-CARBOXYLASE,    154 
OXALATE.    165.   216 
OXALIC  ACID  (See  OXALATE) 
OXALSUCCINATE.    15.    189 
OXALSUCCINIC  CARBOXYLASE.    189 
OXIDATION.    6-,    186-188 
OXIDATIVE  DEAMINATION.    189 
OXIMINO  COMPOUNDS.    17 
OXYBIOTIN.    11 
OXYCORTICOSTEROIDS.   212 
OXYGEN,   absorption,   by  plants,  233-239: 

function  of,    165;  in  metabolic  reactions,    184, 

185,    188,    189,   191:  as  nutrient,   6,   21,   32-35, 

98,  99,    174-176:  transport  of,    152;  154: 

atmospheric,   effect  on  nutrients,    140,    141; 

-consumpUon,  222-232,   240,   253,  254 
OXY-JAVANICIN,  218 
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OySTER(S),    108,    110,    1S4.   200,   206 

PABA.   (See  PARA-AMINOBENZOIC  ACID) 

PABLUM,   83,   84 

PAECILOMYCES  VARIOTI,  219 

PALITANTIN,  lib 

PALLADIUM,    148 

PALMITIC  ACID,   28 

PALORUS  RAT2EBURG1,   (See  BEETLE) 

PALUDINA  VIVIPARA.  (See  SNAIL) 

PAN  TROGLODYTES,   (See  CHIMPANZEE) 

PANAEOLUS  CAMPANULATUS.   43 

PANCREAS.    147-149,    153,  223 

PANCREATIC  JUICE;  177-179 

PANDA,  lesser,   82,   83 

PANTETHEINE.    11,  (See  also  PANTO- 
THENIC ACID) 

PANTETHINE,    II,   47.   100.   (See  also 
(PANTOTHENIC  ACID) 

PANTHERA  (SPP.).   82,  83.    196.  202 

PANTOIC  ACID.    11,   (See  also  PANTOTHEN- 
IC ACID) 

PANTOTHENIC  ACID.   daUy  allowances  ot. 
46-74;  deficiency  of  and  reproduction. 
164;  derivatives.    10.    11;  functions,  de- 
ficiency and  excess  signs  of.    161;  In  milk, 
111;  as  a  nutrient,    10.   29-32.   42-47,    133, 
138,    139;  stability  of,    140;  In  synthetic 
diets  for  insects,   92 

PANUS  (SPP.).   43 

PAPAYA.    124.    126,  236 

PAPILLOMA,   226 

PARA-AMINOBENZOIC  ACID,   daily  allow- 
ances of.   48-74;  excretion  of.  212;  func- 
tion, deficiency  and  excess  signs  of,    159; 
in  milk.    111;  moiety  of  folic  acid,    158;  as 
nutrient,    11,   29-31,   42-47,   98,    100;  in 
purine  and  pyrimidine  synthesis.    13:  sta- 
bility ot.    140 

PARACENTROTUS  LIVIDUS.  201.   208 

PARACOCCIDIOIDES  BR.ASILIENSIS.   43 

PARAFFIN,    18.    211 

PARAHYDROXYBENZOIC  ACID.    15 

PARAHYDROXYPHENYLPYRUVIC 
ACID.    180 

PARAMECIUM  (SP.).   201 

PARAMPHISTOMUM  CERVI.  231 

PARASITELLA  SIMPLEX.  43 

PARASITIC  PROTOZOA.   232 

PARASITIFORMES.  253.   254 

PARKERS  SOLUTION.   94 

PARKINSON'S  DISEASE.    154 

PARSLEY.    105.    114,    118.   119,    123 

PARSNIP.    114.    lie.    119.    123.   142 

PASSIFLORA  LICULARIS.    124.   126 

PASTEURELLA  (SPP.),   37,   47 

PASTURE  GRASS.    144 

PEA(S).   7.    105.    114.   118.    119.    123.    128.    130 
130.    135,    138,    142.   235 

PEACH.    97.    105.    114.    118.    119.    123.   235. 
2  36 

PEANUT(S).  93,    105,    114,    118,    119,    123, 
130;  -butter,    130;  -flour.    131;  -meal,    144; 
-protein,   22 

PEAR,   97,    105,    114,    118.    119.   123.   125, 
127.  236 

PEAT.    104 

PECAN,    114,    118,    119,    123.    129 

PECCARY.  white-Upped,   86.   87 

PELARGONIUM  DOMESTICUM.    105 

PELECYPODA.   200.  207 

PELICAN(S).   90 

PELICANIFORMES.  90 

PELLAGRA.    160;  -prevenuve  factor  (See 
NIACIN) 

PELTIGERA  CANINA,   238 

PELUSIOS  DERBIANUS.    197.  203 

PENETRINIC  ACID.  218 

PENGUIN.   90 

PENICILLIC  ACID.   216 

PENICILLIN.    14 

PENICILLIOPSIN.   218 

PENICILLIUM  (SPP.).    39.   43.   44,  98.  215- 
219.   238 

PENIOPHORA  (SPP.).   44 

PENTAHYDRIC  ALCOHOL.   215 

PENTANE.   18 


PENTANOL.    34 

PENTOSE(S).    182.  215 

PEPPER,    105,    114,    118,    119.   123,    128.  236 

PEPSIN.    177 

PEPTIDASE.  (See  specific  pepUdases) 

PEPTIDE(S).    15.    17.    18,    177 

PEPTONE(S),    17,    20.    35,    177 

PERANEMA  TRICHOPHORUM,    15 

PERCH,    108.    110 

PERIPLANETA  AMERICANA.  21 

PERISSODACTYLA.   88 

PERIWINKLE,   200,  206 

PERNICIOUS  ANEMIA,    153;  anti-factor, 

(See  COBALAMIN) 
PEROXIDASE.    165 
PEROXIDE.    154 
PERRHENATE.    149 
PERRIER'S  MEDIUM.   99 
PERSEA  GRATISSIMA.   (See  AVOCADO) 
PERSIMMON.    114.    118,    119,    123,    124,    126 
PGA.   (See  FOLIC  ACID  GitOUP) 
pH.   control  of,    154;  effect  of  on  nutrients, 
140,    141;  for  soil  plants.    105.    172.    173; 
and  carbohydrate  production.   220 
PHACIDIUM  INFESTANS.   44 
PHACOCHOERUS  AETHIOPICUS.   86 
PHAEOPHYTA.  239 
PHALERA  BUCEPHALA,  25 
PHASEOLUS  (SPP.)  (See  BEAN) 
PHENOL(S).   213 

PHENYLACETIC  ACID.   8.    15.   180 
PHENYLALANINE,   deficiency  of  and  repro- 
duction.   164;  excretion  of.   210;  metabo- 
lism of.    180.    188;  as- nutrient.   8,    15.  24, 
35.    100;  in  proteins.    131;  daily  require- 
ments of,   23;  stability  of,    141 
PHENYLETHYLAMINE,    180 
PHENVLLACTIC  ACID.    180 
PHENYLPYRUVIC  ACID.    180 
PHERETIMA  POSTHUMA  (See  EARTHWORM) 
PHIALOPHORA  (SPP.).   44 
PHOCA  VITULINA  (See  SEAL) 
PHOENICIA  SERICATA,   30 
PHOENICIN.   218 

PHOENIX  DACTYLIFERA  (See  DATE) 
PHOLIOTA  (SPP.).   44 
PHOMA  (SPP.  ).   43.   44 
PHOSPHATASE.    153.    154.    181.    182.    184. 

185 
PHOSPHATE(S).   (See  also  PHOSPHORUS). 
34.    102,    103.    152.    179.    182.    190;  in  gly- 
colysis.   184.    185 
PHOSPHATIDE(S).    186.   211,   219 
PHOSPHOARGININE,   152 
PHOSPHOCREATINE,    152 
PHOSPHOFRUCTOMUTASE,    184,    185 
PHOSPHOGLUCOMUTASE,    154,    184,    185 
PHOSPHOGYLCERALDEHYDE  DEHYDRO- 
GENASE.   184.    185 
PHOSPHOHEXOISOMERASE;  184.    185 
PHOSPHOHEXOKINASE.    184.    185 
PHOSPHOLIPID(S).   digestion  of.    179;  meta- 
bolism of.    166;  in  metabolic  reactions. 
152;  synthesis  of.    157.    161.    163;  as  nu- 
trients.  9;  in  plants.    166 
PHOSPHOMANNOSEISOMERASE.    184.    186 
PHOSPHOPYRIDINE  NUCLEOTIDES  (See 

DPN.   TPN) 
PHOSPHORIC  ACID.    (See  PHOSPHATE) 
PHOSPHORUS,  absorption,   retention  of.    149; 
loss  of  in  cooking,     142;  daily  allowances 
of.   48-74;  deficiency  of  and  reproduction. 
164;  deficiency  symptoms  of.    167,    169, 
171;  excretion  of,    149,   214;  in  feedstuff:, 
133,    138,    139;  in  foodstuffs,    109,    110, 
117,    119,    121;  functions  of,    166;  metabo- 
lism of,    152;  in  milk,    HI;  as  nutrient. 
6.  21.   32.   33.    174-176;  and  soU  pH.    172; 
toxicity  symptoms  of.    167;  in  tropical  and 
sub-tropical  fruits.    126.    127;  "HIGH  EN- 
ERGY-".   184-190;  (See  also  ATP.   ADP) 
PHOSPHORYLASE.    181.    182.    184.    185.    188 
PHOSPHORYLATION  REACTIONS.    165.   166. 

184-190 
PHOTOAUTOTROPHIC  PLANTS;  7 
PH0T03YNTHET1C.   -algae,   J4,   3S;  -bac- 
teria.   16.    175 


PHRYNOSOMA  CORNUTUM.    197.  203 
PHYCOCYANIN,    193 
PHYCOERYTHRIN,    193 

PHYCOMYCES  (SPP.),    16,   39,   44,  217.  238 

PHYLLITIS  SCOLOPENDRIUM.   237 

PHYLLOQUINONE.   (See  VITAMIN  K) 

PHYMATOTRICHUM  OMNIVORUM,   39.  44 

PHYSALIS  PUBESCENS.  (See  TOMATILLO) 

PHYSARUM  POLYCEPHALUM.   238 

PHYSCION,  emodin  monomethyl  ether,  218 

PHYTOFLAGELLATE(S),   5-20 

PHYTOL  ALCOHOL,    193 

PHYTOPHTHORA  (SPP.).    39.   44 

PHYTOSTEROL.  28 

PICEA  STICHENSIS.   (See  SPRUCE) 

PICHIA  (SPP.).   41.  44 

PIEDRAIA  HORTAI.   44 

PIERIS  BRASSICAE.  25 

PIG.    183.  227.   244;  (See  also  HOG.  SWINE, 
PORK);  -products.    106.    107.    109.    1 10. 
(See  also  specific  pig  products  as  HAM. 
BACON) 

PIGEON,    223.    225.    227 

PIGMENT(S).  213.  217.  218 

PILAIRA  (SPP.).    39.    44 

PILOBOLUS  KLEINn.   238 

PIMELIC  ACID.    11 

PINE;  97.    105 

PINEAPPLE.    105,    114,    120,   121,    123,    124, 
126 

PINNA  SQUAMOSA,   6,    151 

PINNIPEDIA,   82,   83 

PINNULARIA,    19 

PIPICOLIC  ACID.   180 

PIPTOCEPHALIS  FRESENIANA,   44 

PIRICULARIA  ORYZAE.   44 

PINUS  (SPP.).   97.    105 

PISCES;  197,    198.  204,  205,     (See  also  FISH, 
specific  fish  and  fish  products) 

PISUM  SATUIVM  (See  PEA) 

PITANGA,    124.    126 

PITHECIA  PITHECIA  CHRYSOCEPHALA.   84 

PITUITARY.    153.   223 

PITYROSPORUM  OVALE.   44 

PLACENTA.   229 

PLANORBARIUS  CORNEUS.   230 

PLAN  ARIA.    230 

PLANTAIN.    124.    126 

PLANT(S).  (See  also  specific  plants),  chloro- 
phyll synthesis  in.  193;  -concentrates.  143; 
teedstufts  from.  112-122.  128-130;  foodstuffs 
from.  134-137;  herbaceous.  105;  mineral  de- 
ficiency in.  168-171;  -meUbolism.  165,  166; 
nitrogen  in,  194;  nutrients  for,  5-20;  nutrient 
solutions  for,   32,  95;  and  soil  pH,    105 

PLANT  TISSUE(S),  culture  media  for,   96,  97 

PLASMA,    192 

PLASMODIUM  (SPP.),    12-14.   31.   232 

PLATELETS.   222 

PLATINUM,    148 

PLATYHELMINTHES.    151.   230;  (See  also 
specific  platyhelminthes) 

PLATYSAMIA  CECROPIA.  21 

PLECTUS,    252,    254 

PLEURAGE  CURVICOLLA.   44 

PLEUROTRICHIA  LANCEOLATA.   31 

PLEUROTUS  CORTICATUS.   44 

PLODIA  INTERPUNCTELLA  (See  MOTH) 

PLUM.    97.    114,    120,    121,    123,    129,    235 

PLUTONIUM,    148 

PNEUMOCOCCUS.  240 

POA  PRATENSIS,    105 

PODOSPORA  CURVULA,   44 

POGONOGNATHUS  PLUMBENS.  252,   254 

POLONIUM,   148 

POLYCYTHEMIA,    153 

POLYGALACTOSE,   218 

POLYNUCLEOTIDASE,    182 

POLYNUCLEOTIDE(S),    182 

POLYPEPTIDE(S),    7,    17.    177 

POLYPODIUM  VULGARE.  237 

POLYPORUS  (SPP. ).   39.  238 

POLYSACCHARIDt:(S).    178.    184.    185.   188,   189, 
218.  219;  (See  also  specific  polysaccharides) 

POLYSIPHONIA  VIOLACEA.   239 

POLYSTICTUS  VERSICOLOR.  44 

POLYTOMA  (SP. ).    34.   35 
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POLYTOMELLTCAECA.    18,   34,   35 

POMEGRANATE,   124.   126 

PONGO  PYGMAEUS,   84 

POPULUS  TREMULOIDES.    105 

PORCELLIO  LAEVIS,    199,  206 

PORIPHERA,    152 

PORK,  products,   93,   106,    107,    109,    110 

PORPHYRINS,    15,   213 

PORPHYROPSIN.   155 

POTAMOBIUS  TORRENTIUM,  230 

POTASSIUM,   absorption,   retention  of.    147; 
dally  allowances  of.  48-74;  deficiency  of 
and  reproduction,   164;  deficiency  signs  of, 
167,    169,    171;  in  synthetic  diets  for  in- 
sects,  92;  excretion  of.    147,  214;  in  ferti- 
lizers,   102-104;  in  foodstuffs,    117,    119, 
121;  functions  if,   166;  metabolism  of. 
152;  in  milk.    111;  as  nutrient,  6,   32,   33, 
40,   41;  and  soil  pH,   172;  toxicity  signs  of, 
167 

POTASSIUM  SALTS,  in  synthetic  diets,   92; 
in  inorganic  fertilizers,    102,   103;  in 
balanced  solutions  for  culture  media,   94- 
100 

POTATO.   75.  76,   85,   87,   93.   105,    114,    120, 
121,    123,    130,    142,    144,    233.   234 

POULTRY.    93.    107.    110 

P.  P.  FACTOR  (See  NIACIN) 

PRAIRIE  HAY.  western.    136,   139 

PRASEODYMIUM,    148 

PREGNANCY,   75,   76;  nutrient  allowances 
duri,ng,   61,   62,   64,   65,  67,   70.   71;    and 
nutrient  deficiency,    164 

PRIMATE(S).   84,   85,   (See  also  specific  pri- 
mates) 

PRIMROSE,  evening,    105 

PRINGSHEIM'S  MEDIUM,   99 

PRIVET,  233 

PROBASCIDEA,   88 

PROCYON  LOTOR.   82,   83 

PRODENIA  ERIDANIA,   26 

PROLINE,   in  culture  media,   100;  excretion 
of,  210;  metabolism  of,    180-188;  as  nu- 
trient,   23.    24,    35-37;  in  proteins,    131 

PROMETHIUM,    148 

PRONGHORN.   86 

PROPANE.    18 

PROPANOL.    34,    35,    180,    216,    221 

PROPIONIBACTERIUM  (SPP.).   175,   221 

PROPIONIC  ACID  (See  PROPANOL) 

PROPYLENE,    18 

PROSTATE,    164,  229 

PROTACTINIUM,    148 

PROTEASE,    182  (See  also  specific  proteases) 

PROTEIN(S),   (See  also  specific  proteins), 
absorption  of.    177;  daily  allowances  of, 
48-74;  brain.   ZZ;  calorie  value  of,    145; 
deficiency  of  and  reproduction,    164;  in 
insect  diets,  22,   91;  digestible,   32; 
digestibility  of,    143;  digestion  of,    177;  in 
feedstuffs,    134-137;  in  foodstuffs,    112- 
115;  metabolism  of,    182.    183,    186,    188; 
in  milk,    1  1  1;  as  nutrient,    22.    32;  pro- 
duction of  by  plants.    128-130;  sources  of. 
93;  in  tropical  and  sub-tropical  fruits, 
124,    125 

PROTEOLYSIS,    177,    178 

PROTOEOSES,    177 

PROTEUS  (SPP.),   37,   47 

PROTHROMBIN,    160 

PROTOGEN,    15,  20 

PROTOHEMIN,    15 

PROTOPLASM,   5,   6 

PROTOPORPHYRIN,    15 

PROTOPTERUS  AETHIOPICUS,    198.   204 

PROTOTHECA  ZOPFII,   34,    35 

PROTOZOA,    7-20,    152.   201.   208.   230.    232. 
253.    264 

PRUNE(S).    114.    120,    121,    123,    129 

PRUNUS-.   americana  domestica.   (See  PLUM); 
-armeniaca.   (See  APRICOT);  -avium.   (See 
CHERRY);  -cerasus,   (See  CHERRY); 
-laurocerasus.  233;  -persica,   (See 
PEACH) 

PSALLIOTA  (SPP. ),   44,   238 

PSEUDOMONAS  (SPP. ).   16.    19,    175,  240 

PSEUDOPEZIZA  RIBIS,   44 


PSEUDOPLEURONESTES  AMERICANUS, 
198,  204 

PSEUDOSARCOPHAGA  AFFINIS,  26,   30 

PSEUDOVITAMIN  B,,,   (See  COBALAMIN) 

PSIDIUM  GUAJAVA,   (See  GUAVA) 

PTERIDOPHYTA,   (See  FERN) 

PTEROIC  ACID,   (See  FOLIC  ACID  GROUP) 

PTEROYLGLUTAMIC  ACID,  in  diets  for  in- 
sects,  92;  excretion  of.   212;  functions, 
deficiency  and  excess  signs  of,   159;  as 
nutrient,    10;  stability  of,   140  (See  also 
FOLIC  ACID  GROUP) 

PTINUS  TECTUS  (See  BEETLE) 

PTYALIN,    178 

PUBERULIC  ACID,   216 

PUFFER,    198,   204 

PUGETTIA  PRODUCTA,  230 

PUMPKIN,    114,    120,    121,    123,   235 

PUNICA  GRANATUM  (See  POMEGRANATE) 

PURINE(S),    12,    17,    101..  181-183,   211; 
-COMPOUNDS,    14,    101,   (See  also 
specific  purine  compounds);  -NITROGEN, 
202-208 

PURPURA  APERTA,    150 

PUTRESCINE,    15,  47,    180 

PYRAUSTA  NUBILIALIS  (See  BORER, 
EUROPEAN) 

PYRIDINE  COMPOUNDS,    17.   (See  also 
specific  pyridine  compounds) 

PYRIDOXAL,    10,    11;  -phosphate,    11,   47, 
161,   (See  also  pyridoxine  group) 

PYRIDOXAMINE,   92,    100,    161,    162,  212, 
(See  also  PYRIDOXINE  GROUP) 

PYRIDOXINE,   32,   42-45,  92,   97,   98,    100, 
161.    162.  212.   (See  also  PYRIDOXINE 
GROUP) 

PYRIDOXINE  GROUP,  daily  allowances  of. 
48-74;  deficiency  of  and  reproduction, 
164;  functions,   deficiency  and  excess 
signs  of,    161,    162;  in  milk.    111;  as 
nutrient,   29,   30,  46.   47;  sublllty  of,   140 

PYRIDOXIC  ACID.  212 

PYRIMIDINE(S).    12.    16.   17,  34,   35.   101. 
181-183  (See  also  specific  pyrimldine 
compounds) 

PYRONEMA  (SPP.).   44 

PYRROLE.    193 

PYRUS,   -communis,   (See  PEAR):  -malus, 
(See  APPLE) 

PYRUVATE,  production  of  by  fungi,  216;  as 
growth  factor,    15;  metabolism  of,   42-45, 
ISO,    184-186,   188-190;  as  nutrient,   34, 
40,   41;  -  carboxylase,    165;  -decarboxyl- 
ase.   189 

PYRUVIC  ACID,   (See  PYRUVATE) 

PYTHIOMORPHA  (SPP.),    39,    44 

PYTHIUM  (SPP.),   39,   44 

PYTHON  (SPP. ),    197,  203 

QUERCUS  ALBA,    105 
qUINIC  ACID,    15 

RABBIT,  79,  107.  110.  151.  164.  179.  222- 
225,   227,   229,    244 

RACCOON,    82,   83 

RADICULA  NASTURTIUM  AQUATICUM,   113, 
116,    117,    122 

RADIOACTIVE  ELEMENTS.    148 

RADISH.    97,    105,    114,    120,    121,    123,    234 

RADIUM,    148 

RADIX  AURICULARIA,   230 

RAFFINOSE,  25.   26.   38-41 

RAISIN(S).    83.    114.    120,    121,    123,    129 

RAM,   229 

RANA  (SPP.).    197.  204 

RAPHANUS  SATIVUS  (See  RADISH) 

RASPBERRY,    114,    120,    121.    123 

RAT.  8.  23.  67.  69.  79.  90.  146.  151.  153. 
154.  222-227,  229.  244,  250;  germ-free, 
68 

RAULIN-THOM  MEDIUM.   215 

RAVENELIN,   218 

RED-GROUPER,    198,  204 

REDOX  CATALYSIS,    154 

REDTOP,  grass,    105;  -hay,    136,    139 

REDUCTASE,  191  (See  also  specific  reduc- 
tases) 


RENNIN,    177 

REPRODUCTION,  nutrition  and,   154,   164 

REPRODUCTIVE  TISSUES,  229 

REPTILIA,   197,  203  (See  also  specific  reptiles) 

RESPIRATION  RATES,  plants.  2  33-239 

RESPIRATORY,  enzymes.   191;  -pigments.   153 

RESPIRATORY  QUOTIENTS,   230,   233-239.  254 

RETICULOCYTE(S),  222 

RETICULOGEN,    101 

RETINA,    155,   227 

RETINENE  REDUCTASE,    155 

RHAMNOSE,  25,   26 

RHEUM  RHAPONTICUM,  (See  RHUBARB) 

RHINOCEROS,   (RHINOCEROS  BICORNIS),  88, 

89 
RHIZOMES,    234 
RHIZOPHLYCTIS  ROSEA,   39 
RHIZOPOGON  ROSEOLUS,  44 
RHIZOPTERIN,   11 
RHIZOPUS  (SPP.).    10.    44.   216 
RHODNIUS  PROLIXUS 
RHODODENDRON  (SPP.).    105,   233 
RHODOPSIN,    155,    160 
RHODOTORULA  (SPP. ),   41,   44 
RHUBARB,    114.    120,    123 
RIBAZOLE,    11 

RIBES(SPP.),    113,    118.    119.    122 
RIBOFLAVINE.   daily  allowances  of.   48-74; 
loss  of  in  cooking,   142;  in  culture  media, 
100;  deficiency  of  and  reproduction,   164; 
excretion  of,   212;  in  feedstuffs,    133,    138, 
139,    164;  in  foodstuffs,    109.    110.   122,   123; 
In  fruits,    126,    127;  functions,  deficiency 
and  excess  signs  of,    162;  in  milk,   111; 
as  a  nutrient,    10,  29,   30,    32,   46.   47.   92; 
production  of,    128-130;  selected  sources 
for,  93;  stability  of,    140;  -phosphate,    162 
RIBOFLAVINE-ADENINE-NUCLEOTIDE,   162 
lUBONUCLEIC  ACID.   92.    153 
RIBOSE.  25.   26.   40.   41.    183 
RICCIA  FLUITANS.  237 
RICE.   84,   93,    105,    114.    120.   12'.    123.    135, 

144  ' 

RICHTER'S  MEDIUM.   99 
ROBBINS'  SOLUTION.   32.   95 
ROBINIA  PSEUDOACACIA.   105 
"ROBISON  ESTER".    185 

RODENT(S).  69.   (See  also  specific  rodents) 
ROOTS.    168-171.  234 
ROSE.   (ROSA  HYBRIDA).    105 
ROSELLINIA  ARCUATA.   39.   44 
ROUGHAGE(S).    144 
ROUS  SARCOMA.  226 
RUBIDIUM,   6.    147 
RUBROFUSARIN.  218 
RUBUS  GLAUCUS.    124,    126 
RUBUS  (SPP.),   (See  BLACKBERRY  AND 

RASPBERRY) 
RUGULOS.   218 
RUGULOSIN,   218 
RUMEX  CRISPUS,  233 
RUMINANT(S).    16,    17,    19,   32,    132.   150.   151, 

(See  also  specific  ruminants) 
RUTABAGA,    115,    120,    121,    123 
RUTHENIUM,    148 
RUTIN,    10,    11 

RYE,    105,    115,    120,    121,    123.    130.    135. 
138,  235 

SABOURAUDITES  (SPP.),   44 

SACCHARIC  ACID,  217 

SACCHAROMYCES  (SPP.).    10,    13,  41,   44,   98, 

220,   238,   253,   254 
SACCHAROMYCOIDES  (SPP. ),   41 
SACCHARUM  OFFICINARUM,    130 
SACCOBOLUS  DEPAUPERATUS,   44 
SAINTPAULIA  lONANTHA,    105 
SAKI,   84,   85 
SALICIN,  40,   41 
SALICYLIC  ACID,  methyl.  216 
SALSIFY.   97 

SALIVARY  AMYLASE.    178;  -gland,  223 
SALMON.    11.   74,    108,    110 
SALMONELLA  (SPP.).   37.   47 
SALT  SOLUTIONS.   (See  SOLUTIONS) 
SAMARIUM.    148 
SAN  DIEGO  ZOO;  diets  used  In.   82-90 
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SAPODILLA,    125,   127 
SAPONARIA  OFFICINALIS.   231 
SAPROLEGNTA  (SPP.).   39.   44 
SAPROUEG^flACEAE.    19 
SAPROLEGNIALES.   19,  20 
SARCINA  LUTEA.  253.  254 
SARCODINA  (SPP.),   31 
SARCOMA,   226 

SARCOPHAGA  FALCULATA,  21 
SATURNIA  PYRl,   199,  205 
SCAl,UOP(S),    108.    110 
SCANDIUM.   147 
SCENEDESMXIS  (SPP. ).    19,  239 
SCHISTOSO.MA  MANSONI,   231 
SCHIZOPHYLLUM  COMMUNE.   39,  44 
SCHLZOSACCHAROMYCES  (SPP. ),  41.  44 
SCHIZOTHECIUM  LONGICOLLE.   39 
SCHWANNOMYCES  OCCIDENTALIS.   44 
SCIATIC  NERVE.   227 
SCINUSOFFICIANAUS.    197.  203 
SCLEROTINIA  (SPP.),   44 
SCLEROTIORINE.   218 
SCLEROTIOSE.   218 
SCLEROTIUM  (SPP.).   39,   44,  217 
SCORZONERA  HISPANICA.   97 
SCRATCH  FEED.   72 
SCULPIN.    198.   204 

SEA.   -anemone.  201.   208;  -cucumber.   201 
208;-hare.   200.   206;-horse.    198.   204;-lion 
82.   83;-mouse.  201.  208;  urchin.   201,208 
-water,   99 
SEAL,   V'    >'^'   ^"^ 
SEAWEED;    104 
SEBUM,  211 

SEC  ALE  CERE  ALE,   (See  RYE) 
SEDUM  DENDROIDEUM.   233 
SEECKS).    143.    144.   235 
SELACINELLA  MARTENSU.  2  37 
SELENIUM.   6.    148.    173.   214 
SEMINAL  VESICLES,    164,  229 
SEPLA  OFFICINALIS,  200,  206 
SEPTORIA  (SPP.),   39,   44 
SERINE,  In  culture  media,    100;  in  meUbolic 
reactions,    179.    180.    188;  as  nutrient.  8. 
24,   35-37;  nutrient  requirements  for.  23; 
•dehydrase.    161 
SERRATIA  MARCESCENS.   37.   47.   175.   220 
SEWAGE  SLUDGE.    104 
SHEEP.   70.   80.   86.   87.    151.    153.  224.   227. 

244 
SHEEPSHEAD.    198.  205 
SHELLFISH.    107.    108.   110 
SHIGELLA  (SPP.).   37.  47 
SHIKIMIC  ACID.  8,    15 
SHOE  BILL,   90 
SHRIMP,  230 
SHRUB(S),    105 
SILAGE,   137,    139,    144 
SILICATE(S),    149;  (See  also  SILICON) 
SILICON,  absorption,  retention  of.    149;  daily 
allowances  of.   48-74;  excretion  of,   149 
214;  as  a  nutrient,  6;  metabolism  of,    152: 
in  mUk,   1 1 1 
SILVER.    148,  214 
SIMMS'  SOLUTION,  94 
SIPHONOPTERA,  21 

SIPUNCULOIDEA,  201,  208,   (See  also  WORM) 
SISTOTREMA  (SPP.).  44 
SITATUNCA.   86.   87 
SITOSTEROL.   28 
SKELETON.    154 
SKIN.    153.  222 
SLAG.    102 
SLUG.   200.   206.  207 
SMELT.   83.   90 

SMERINTHUS  OCELLATUS.   21 
SNAIL.    154.  200.  207.  230 
SNAKE.    197.   203 
SNAPDRAGON.    105,  233 
SOAP(S),  211 

SODIUM,  absorption.  retentlDO  of.    147;  dally 
allowances  of.  48-74;  deficiency  of  and 
reproduction.    164;  excretion  of.    147,   214; 
In  foodstuffs,    117,    119,    1 2 1 ;  metabolism 
of,   152;  in  milk.   111;  as  a  nutrient,  6,  21; 
and  sou  pH.    172 
SODIUM  SALTS,  in  tissue  culbire  solutions. 


94;  as  nutrients.   19.   96.  98,  99,   101;  in 
fertlliiers,    102,    103;  in  insect  diets.   92 
SOIL,   nitrogen  in.    194;  -pH.    105.    172.    173 
SOLANIONE.  218 

SOLANUM  MELONGENA.    113.   118.   119. 
122.  125;  -tuberosum.   (See  POTATO) 
SOLE.    198.   205 

SOLUTION(S).  nutrient,   for  plants.   32.  95. 
99.   tor  tissue  culture,  94;  (See  also 
specific  soluUons  as  CZAPEK'S,  SIMMS') 
SORBICILLIN,  216 
SORBITAN,   9 
SORBITAN  MONOOLEATE,   (See  "TWEEN" 

COMPOUNDS) 
SORBITOL,   25,  26,   40,   41 
SORBOSE.  25.   26.   38-41.   220 
SORDARIA  FIMICOLA.    39,   44 
SORGHUM,    105,    135,   137-139,  235 
SOURSOP.    125.   127 

SOYBEAN.  22.   91.  93.   104.    105.   115.    120. 
121.    123.   130.    135.    13i.   138.     139.   144 
SPAGHETTI.    143 
SPARE  RIBS.    107.    110 
S  PATHULARIA  FLAVIDA.   44 
SPATTERDOCK.   233,    234 
SPERM,    164,  249 
SPERMATOGENESIS,    164 
SPERMATOPHYTES,  5-7,   9.    10,   12-20 
SPERMIDINE.    15 
SPERMINE.    15 

SPERMOPHTHORA  (SPP.).  44 
SPHEROIDES  MACULATUS.    198.   204 
SPHAEROBOLUS  STELLATUS.   44 
SPHAEROPSIS  (SPP.).  39.   44 
SPHAERULINA  (SPP.).   44 
SPHAGNUM  CUSPIDATUM,  237 
SPHENISCIFORMES,   90 
SPHINGOMYELIN.   27.    179.    186 
SPHINX  LlGUSTRl.    199,   205 
SPICULOSPORIC  ACID,  216.  217 
SPIDER.    183 
SPIDERWORT.    105 
SPINACH.  (SPINACIA  OLERACEA),  93,    105 

115.    120.    121.    123.    128.    142.   233 
SPINAL  CORD.  228 
SPINULOSIN.  218 
SPmOGYRA  (SPP.).   239 
SPIROSTOMUM  (SPP.).   201.  208 
SPLEEN.    147-149.    192.  222.   224 
SPOROCYTOPHAGA  (SPP. ).    175 
SPOROMIA  (SPP.),   44 
SPOROTRICHl<M  (SPP.).  44 
SPOROVIBRIO  (SPP.).    19.    176 
SPRUCE.    105;  -budworm  parasite.   26.   30 
SQUALENE.    187,   211 
SQUASH.    105.    115.    120.    121.    123.    142 
STABILITY  OF  NUTRIENTS.    140.    141 
STACHYBOTRYS  (SPP. ).   44 
STAPHILINUSOLENS.    253.   254 
STACHYDRINE.   219 
STAPHYLOCOCCUS  (SPP. ).   47 
STARAPPLE.    125,    127 
STARCH,  25,   26,   40,   41.    178,   184,   185 
STEAK,    106,    109 
STEAPSIN  LIPASE,    179 
STEARIC  ACID,   28 
STEGOBIUM  (SPP. ).  .   (See  BEETLE) 
STEM(S).    168-171 
STEREUM  (SPP.),   44 
STERILITY.    154 
STEROID(S).  9.    161.    187.   212 
STEROL(S).   28.   219 
"STIFFNESS  SYNDROME".  9 
STIGMASTEROL.   9.   28 
STIPITA'nC  ACID.  217 
STOMATITIS.    154 
STRAWBERRY.   105.    115.    120.    121.   123. 

129.   236 
STREPOGENIN.   7.    15.    17 
STREPSICEROS  STREPSICEROS.   86.   87 
STREPTOCOCCUS  (SPP.).    13.  20.    100.    101 

175.   220.   221.   240 
STREPTOMYCIN,    14 
STRIGIFORMES,   90 
STRIGOMONAS  (SPP.).   31.  2J2 
STROMATINIA  (SPP.).   44 
STRONGYLUS  EQUINUS.  231 


STRONTIUM.   6.    148.    174 
STROPHARIA  (SPP.).   44 
STRUTHK)  CAMELU3.   90 
STRUTHIONIFORMES.  90 
STYLONICHIA  PUSTULATA.   31 
STYSANUS  STEMONITIS.   39 
SUBTROPICAL  FRUITS.    124-127 
SUCCINATE.   34.  40.   41.    180.    191.  217 

220.    221 
SUCCINIC,  acid  (See  SUCCINATE); 
-dehydrogenase.    162,    189,    191; 
-semialdehyde,   193 
SUCCINIMIDE,    17 
SUCCINYL-COA,   188,    193 
SUCRASE,    178 
SUCROSE,   25.  26.   34.   38-41.   69,  91, 

98,    101.    178 
SUCTORIA.   13 

SUDAN  GRASS  HAY.    136.   139 
SUGAR.   26.   34.   75.   76.   93.   98.    130.  213 
(See  also  SUCROSE;  see  also  specific 
sugars) 
SUGARAPPLE.   125,   127 
SUGARCANE.    105.    130 
SULFA  DRUGS.   67 
SULFATE(S).   8.    19.  20.    152 
SULFONAMIDES.   14 
SULFUR,  daily  allowances  of.  48-74; 

deficiency  signs.    167;  excretion  of.  214; 
in  fertilizers.    102-104;  in  foodstuffs.    121, 
166;  functions  of.    166:  metabolism  of.    152; 
in  milk.    1 1 1;  as  a  nutrient.   6.   19-21.   33. 
174-176;  in  nutrient  solutions  for  plants. 
32;  and  soil  pH.    172;  sources  of.    19;  tox- 
icity signs.    167;  -bacteria.    175;  -compounds, 
19.  20.   (See  also  specific  sulfur  compounds): 
-containing  amino  acids,   7.  20.  21.  23.   36, 
180.   (See  also  CYSTEINE.  CYSTINE.   METHI- 
ONINE);-containing  vitamins,  20,  (See  also 
BIOTIN,   THIAMINE) 
SULFURIC  ACID.   (See  SULFATE) 
SULOCHRIN.    217 
SUNFLOWER.   96.   97.    105 
SWAN.    197.   203 
SWEAT.    152.   209-214 
SWEETBREADS.    106.    109 
SWEETCLOVEH.  105.    137.    139 
SWEETFLAG.   234 
SWEETPOTATO.  75,  76.  93.   105,   115,    120 

121,    123,    234 
SWINE,   23,   71,    132,    146,  251  (See  also  HOG, 

PIG) 
SWISS  CHARD,    142 
SYNCEPHALASTRUM  (SPP. ).   39.   44 
SYNCERUS  (SPP.).   84.   85 
SYNECHOCOCCUS.    19 
SYPHACIA  OBVELATA.   231 

TAGETES  ERECTA.  96.  97 

TAMARIND.   (TAMARINDUS  INDICA).    125.    127 

TANGERINE.    115.    120.    121.    123 

TANKAGE.    104.    132.    133 

TAPIR  (TAPIRELLA  SPP.).   88.   89 

TARAXACUM  OFFICIANALE  (See  DANDELION 

GREENS) 
TATUM'S  MIXTURE,   92 
TAURINE,    20^  180,    211 
TAXIDEA  TAXUS  TAXUS.   82,   83 
TAYASSAU  PERCAI,   86,   87 
TDN  (TOTAL  MGESTIBLE  NUTRIENTS),  61, 

62,   70,   71 
TEETH,    150.    151 
TELLURIUM.    148 

TEfCBRIO  MOLITOR.   (See  MEALWORM) 
TENDERLOIN,  pork.    107.    110 
TERMITE.  25 
TERREIN.  217 
TERRESTRIC  ACID.  217 
TESTIS,    154,    164,   229 
TESTUDO  (SPP.),    197,  203 
TETRAHYMENA  (SPP^).   8.    12-15.    18.  20,   31 
TETRAHYDROPHOENICIN.  218 
TETRATHIONATE.    19 
TETRANIC  ACID.  216 
THALAMUS.   228 

THALARCTOS  MARITUnjS:  U.  ft 
THALLIUM.    148 
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THAMNIDIUM  ELEGANS,  44 

THELEPHORA  TREMELLOIDES,  238 

THEOBALDIA  INCIDENS,  21 

THEOBROMINE,    13.    17 

THEOPHYLLINE.    13 

THETUJE.   dimethyl.    156 

THIAMINE,  daUy  allowances  of.   48-74;  loss 
of  in  cooking.    142;  in  culture  media,  97. 
100;  deficiency  of  and  reproduction.    164; 
diphospho-,   (See  DPT);  excretion  of.  212; 
in  feedstuffs,   133,   138,    139;  in  foodstuffs, 
109,   110,   122.    123;  in  fruits.    126,    127; 
functions,  deficiency  and  excess  signs  of, 
162,    163;  production  of  by  fungi,  219;  in 
milk.   Ill;  as  a  nutrient.    10.   11,   20,  29- 
32,   34,   42-74,   92,   98;  selected  sources  of, 
93;  stability  of,    141 

THIAMINE  PYROPHOSPHATE,   (Sec  DPT) 

THLAZOLE.    11,   20,   34 

THIELAVIA  BASICOLA,   39 

THIELAVIOPSIS  BASICOLA,   44 

THIOACETAMIDE,  20 

THIOACETATE.    19,   20 

THIOBACILLUS  (SPP.),    19,    176 

THIOCARBONATE,    19.   20 

THIOCTIC  ACID.    15,   20 

THIOCYANATE,    16,    19,   149 

THIOCYANIC  ACID,   (See  THIOCYANATE) 

THIO(L)  COMPOUNDS.  19,  20  (See  also 
specific  thio(l}  compounds);  see  also 
SULFUR) 

THIORHODACEAE.    19.    175 

THORIUM.    148 

THRAUSTOTHECA  CLAVATA.   39,   44 

THREONINE,  deficiency  of  and  reproduction, 
164;  excretion  of,   210;  metabolism  of,    180, 
188;  as  nutrient,    8,   24,    36,    37,    100;  daily 
requirement  of,   2  3;  stability  of,    141 

THREONINE  DEHYDRASE,    161 

THUJA  OCCIDENTALIS,    105 

THYMIDYLIC  ACID,    181 

THYMIDINE,    10,    12,    181 

THYMINE,   10.    12,   181;  -desoxyribosldes,   10 

THYMUS,   222 

THYROID,    154,    154,  223;  -hormones.    151,154 

TIGER,   82,   83,    196,  202 

TILLETIA  (SPP.),  44 

TIMOTHY  HAY.    84,    137,    139 

TIN,    21,    147.    214 

TINEA  PELLIONELLA,    199.   205 

TINEOLA  BISSELIELLA,  22.  26.  27.    199.   205 

TINELLA  CRINELLA,    199,   205 

TIPULA  (SP.).    253,    254 

TISSUES.  94,   96,   97,    147-149,  228.   (See  also 
specific  tissues) 

TITANIUM,    147 

TITANIUM  OXYSULFATE,   99 

TOBACCO,   7,    16,   96,    104.    105.    170,    171,   233 

TOCOPHEROL(S),   (See  VITAMIN  E) 

TOLUQUINOL,   3-hydroiy-4-methoiy-,   217 

TOMATILLO,    125,    127 

TOMATO,    7.    90,   93.   96,    97,    105,    115.    120. 
121.    123.    128.    170,    171.    233 

TONGUE.    106.    109,    110,   154 

TONSIL,    222.   226 

TOOTH  ENAMEL,    153 

TORTOISE.    197.  203 

TORULA  (SPP.).   44 

TORULASPORA  (SPP.).   41 

TORULOPSIS  (SPP.).  41,   45 

TOXICITY  SIGNS.   (Sec  under  specific  nutrient 
or  compound) 

TPN  (TRIPHOSPHOPYRIDINE  NUCLEOTIDE), 
160,    166.    184.    185,    189,    191 

TRACE  ELEMENTS,    153,    154 

TRACK YSPHAERA  (SPP.),   45 

TRADESCANTIA  VIRGINIANA,    105 

TRAGOPOGON  PORRIFOLIUS,   97 

TRAMETES  (SPP.).   45 

TRANSAMINASE.    161.    181.    182 

TRANSAMINATION.    180,    184.   185.    188.    189 

TRANSFERRIN.    153 

TRANSITIONAL  MILK,    HI 

TRANSMETHYLATION.   57.    153,   (See  also 
LABILE  METHYL  GROUPS) 

TRANSPHOSPHORYLASE,    184,    185 

TREES,   105 


TREHALOSE,   25,    26,    40,   41 
TREPISONOTUS  (SPP. ),    197,  203 
TRIBOLIUM  CONFUSUM  (See  BEETLE) 
TRICARBOXYLIC  ACID  CYCLE,    (KREBS 

CYCLE),    186-189 
TRICHINELLA  SPIRALIS,  231 
TRICHODERMA  (SPP.).  45 
TRICHOLOMA  (SPP.).   45 
TRICHOMONAS  (SPP.).  9.  232 
TRICHOPHYTON  (SPP.).   45 
TRICHOSPORON  (SPP. ).   41,   45 
TRIFOLIUM  (SPP.),    105 
TRIGLYCERIDES,    27.    179.    186,   211 
TRIGONELLINE.  212 
TRIIODOTHYRONINE.    154 
TRIOLEIN.  27 

TRIOSPHOSPHATE  ISOMERASE.   184.    185 
TRIPALMITIN.    27 
TRIPHOSPHOPYRIDINE  NUCLEOTIDE,   (See 

TPN) 
TRISTEARIN.  27 
TRITICUM  (SPP. ),  (See  WHEAT) 
TRITISPORIN.  218 

TROPAEOLUM  MAJUS  .   (See  NASTURTIUM) 
TROPICAL  FRUITS.    124-127 
TROUT.   74 

TRYPANOSOMA  (SPP.).   232 
TRYPSIN.    177 
TRYPTAMINE.   180 

TRYPTOPHAN,   deficiency  of  and  reproduc- 
tion,   164;  excretion  of,  210;  metabolism 
of,   180:  and  niacin.    160;  as  nutrient.   8. 
14.  24.   35-37.   57.   69.    100;  in  plants,    166; 
dally  requirement  of.  23;  stability  of.   141 

TSUGA  CANADENSIS.    105 

TUBARIA  FURFURACEA.  45 

TUBERS.  234 

TULIP.    105 

TUMORS.  226 

TUNAFISH,    108.    110 

TUNGSTEN.   6.   99.    149 

TUNICATES.   6 

TURACIN.    153 

TURKEY,   23,  73,   80,    107,    110,    146 

TURNIP,   93.    105.    115,    120.    121,    123 

TURTLE.    197,    203,    222 

■'TWEEN"  COMPOUNDS,   28,    101 

TYPHULA  VARIABILIS.   39.   45 

TYRAMINE.    180 

TYRODE  SOLUTION.  94 

TYROSINASE.    153.    165 

TYROSINE,  in  culture  media.    100;  excretion 
of,   210;  meUbolism  of,    180,    188;  as  a  nu- 
trient,  8.    15,   24.   35-37;  m  proteins.    131; 
daily  requirement  of.  23;  dibromo-.   5; 
-peptides.    15 

ULMUS.    105 

ULVA  LACTUCA.   239 

UNIO  PICTORUM.  200.  207 

UNITED  KINGDOM,  daily  nutrient  allowances 
for  man  in.   52-55 

URACIL.    12.    101.    181;  thymine  oxidase.    181 

URIDINE.    101 

URAMON,    102,    103 

URANIUM.   148 

UREA,   excretion  of,  209;  In  fertilizers.    102; 
produced  by  fungi.  219;  in  metabolic  re- 
actions.   180.    181.    183 

UREASE.    181 

URIC  ACID.    17,    154,    181,    183,   202-209.    219 

URIDINE.    12,    181 

URIDYLIC  ACID.    12.    181 

URINE,   ionogens  in.    147-149;  electrolytes  in. 
214;  lipids  in.  211;  minerals  in,    150-153; 
nitrogen  compounds  in.  209-211;  non-pro- 
tein nitrogen  in.    196-208;  organic  com- 
pounds in.   213;  vitamins  and  hormones  in. 
212 

UROBILIN.  213 

UROBILINOGEN,  213 

UROCANIC  ACID,    180 

UROPORPHYRIN.    193 

URSUS  (SPP.).   82,   83 

USTIC  ACID,   217 

USTILAGO  (SPP.),   39,  45 

USTULINA  (SPP. ).   45.  216.   217 


UTERUS,   164,  229 

VACCINIUM  CORYMBOSUM  (See  BLUE- 
BERRY),  -macrocarpon  (Sec  CRAN- 
BERRY) 
VALERIC  ACID.  35,    180 
VALINE,   in  culture  media.   100;  excretion 
of.   210;  metabolism  of.    180.    188;  as  a 
nutrient.    8.    24.    35-37;  in  proteins,    131; 
daily  requirements  of,  23,  stability  of,   141 
VALSA  (SPP.),  45 

VANADIUM  (VANADATE),   6.    149,    152,    174 
VARIANOSE,   219 
VEAL,    93.    107.    110 

VEGETABLE(S).   (See  also  specific  vegetables); 
nutrient  loss  in  cooking  of,    142;  in  diets.   75, 
76;  in  diets  of  zoo  animals,  82,  83;  crops  and 
SOU  pH,    105 
VENISON,    107.   110 
VENTURIA  INAEQUALIS,  45 
VERDOPEROXIDASE,    154 

VERTEBRATE(S).   (See  also  specific  vertebrates) 
absorbability  and  digestibility  of  nutrients  by. 
143.    144;  chemical  elements  for,   5,6:  NPN 
in  excreta  of,   196-198.  202-204;  miscellaneous 
growth  factors  for.    14.    15;  lipids  for,   9: 
amino  acid  requirements  of,  23;  carbon 
sources  for,    18;  nitrogen  sources  for,    16, 
17;  purines,  pyrimidines  for,    12,   13;  sulfiir 
sources  for,    19,  20;  amino  acids,  peptides, 
proteins  for,  7,   8;  vitamins  and  related  com- 
pounds for,    10,    11;  feed  utilization  by.    146 
VETCH  HAY.    137.    139 
VIBURNUM  (SPP.).  233 
VICIA  FABA.   233.  235 
VICUGNA  VICUGNA  MENSALIS.   86.   87 
VI-MAGNA.   84 

VITAMIN(S).(See  also  specific  vitamins):   in 
nutrient  solutions  for  bacteria.   100;  losses 
of  in  cooking.'  142;  excretion  of.  212;  in 
feedstuffs.   133,    138,    139;  in  foodstuffs,   109. 
110,   122,    123:  deficiency  and  excess  of,   155- 
163;  in  culture  media  for  fungi,   98;  in  syn- 
thetic diets  for  insects,   91.   92;  in  milk.    HI; 
as  nutrients,    10.    11.    18.  29.   30.   34.   46,   47; 
subility  of  140,    141 
VITAMIN  A,  daily  allowances  of.  48-74;  loss 
of  in  cooking.    142;  deficiency  of  and  repro- 
duction.  164;  excretion  of.   212:  in  feedstuffs, 
133,    138,   139:  in  foodstuffs,    109,   110,    122. 
123:  functions,  deficiency  and  excess  signs 
of.    155;  in  milk.    11 1;  as  nutrient.   29-31. 
32,   46.  47;  production.    128-1 30;  selected 
sources  for.  93;  stability  of.    140;  in  tropical 
and  sub-tropical  fruits.    126.   127 
VITAMIN  A,.  A^.Aj.  as  nutrient,   10.  (See 

also  CAROTENE) 
VITAMIN  Bi.   (See  THIAMINE) 
VITAMIN  Bj.   (See  RIBOFLAVINE) 
VITAMIN  B^.   (See  PYRipOXINE  GROUP) 
VITAMIN  Bio.   Bil.  (See  FOLIC  ACID 

GROUP) 
VITAMIN  Bij.   Bi2a.   Bi2b.   (See  COBALAMIN) 
VITAMIN  Be,   (See  FOLIC  ACID  GROUP) 
"VITAMIN  B,",   (CARNITINE),   as  nutrient, 

29.   30 
VITAMIN  C.  (See  ASCORBIC  ACID) 
VITAMIN  D,  daily  allowances  of.  48-74; 
excretion  of,  212;  functions,  deficiency 
and  excess  signs  of,    157,    158;  in  milk.   III; 
as  nutrient  10,   31,   46,   47;  subility  of,   140 
VITAMIN  E,  daily  aUowances  of,  48-74;  defi- 
ciency of  and  reproduction,    164;  excretion 
of,   212;    functions,   deficiency  and  excess 
signs  of.    158;  in  milk.    111;  as  nutrient,   10, 
29-31,   46,    47;  stability  of.    140 
VITAMIN  G.  (See  RIBOFLAVINE) 
VITAMIN  H.   (See  BIOTIN) 
VITAMIN  K.  daily  allowances  of,  48-74; 
deficiency  of  and  reproduction,    164;  ex- 
cretion of,   212:  function,   deficiency  and 
excess  signs  of.    160:  in  milk.    111;  as 
nutrient,    10,  29,   31,  46.   47;  stabUity  of, 
140 
"VITAMIN  L,,   Lj",    14 
VITAMIN  M,  (See  FOLIC  ACID  GROUP) 
VITAMIN  P,   11;  (See  also  HESPERIDIN. 
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CITRIN.   RUTIN) 
V:T1S  (SPP.).   (See  GRAPE);  -venitera,  (See 

RAISIN) 
VIVIPARUS  VIVIPARUS,  2J0 
VOMBATUS  HIRSUrrUS.   88.   89 
VULTUR  GRYPHUS,   90 

WALKING  STICK,  oriental.   230 
WALNUT.    US.   120.    121.    123.   129 
WANDERING  JEW.  233 
WARBURG'S  MEDIUM,   99;  -'S  YELLOW 

ENZYME.    163 
WART,   226 
WARTHOG,   86.   87 
WATER.   In  synthetic  diets,   insects.   92; 

In  feedstutfs.    134-137;  In  foodstuffs,    112- 

115:  metabolic  end  product.    181.    182. 

188;  in  milk,    1 1 1;  and  nutrient  Intake.   32; 

recommended  intake  of.   48-74;  in  tropical 

and  sub-tropical  fruits.    124.    125 
WATERMELON.    105.    115.    120.    121.    123. 

128 
WAX(ES).    18.   211 
WAYMOUTH  SOLUTION.   94 
WEEVIL,   cowpea,  25 
WESSON'S  MIXTURE.  63.   92 
WHALE,   flnner,    196,  202 


WHEAT,  93.   105.    115.    120.    121.    123.    130, 
135;  -bran.   84-89.    144;  -germ  oU.  27.  91 

WHEY,   dried.    132.    133;  -protlln.    Ill 

WHITE  BLOOD  CELLS.  222 

WHITE  SOLUTION.   94 

WHITEFISH.    108.    110 

WOLF.    82.    83 

WOMBAT.    88.   89 

WOOD.   ash.    104 

WOOD-WERKMAN  REACTION.    14 

WOOL  WASTE.    104 

WORM(S).  26.    183,   201.  208.  230.  (See  also 
specific  worms) 

XANTHARPYIA.   (See  BAT) 

XANTHINE.    13,    101.    181,    183;  -OXIDASE.   6 

162,    181.    182 
XANTHOPHYLL.   212 
XANTHOPTERIN,   30,   (See  also  FOLIC  ACID 

GROUP) 
XANTHOSINE,    181 
XANTHYLIC  ACID.    181 
XYLARIA  (SPP.),   45 
XYLOSE.  25.   26.   34.   40.   41 

YEAST,   5-20.  27,  40.   41.   144;  Brewer's-. 
85,   90,   92,    134,    138;  -cocarboxylasc,   6; 


-extract,   97;  -oil,  27 
YTTRIUM,    148 
YUCCA  GLORIOSA,  23J 

ZALOPHUS  CALIFORNIANUS.   82 

ZAMENIS  DIADEMA.    197.  203 

ZAPOTE.    125.    127 

ZEA  MAYS.   (See  CORN) 

ZEBRA.  88.   89 

ZEBRINA  PENDULA.  233 

ZEIN.   22 

ZINC,   daily  aUowance  of.   48-74;  absorption, 
retention  of.    147;  deficiency  signs  of.    154, 
169.    171;  excretion  of,    147.  214;  in  food- 
stuffs.   117.    119.   121;  functions  of.    154, 
166;  metabolism  of.   153;  in  milk,   111;  as 
nutrient.  6,   21.   32,   33.    172.    174.    175;  and 
soil  pH.   172.   173;  toxicity  signs  of,    167; 
-SALTS,   in  culture  media.   98.   99.    101;  in 
nutrient  solutions  for  plants.  95;  functiotis 
of,    154 

ZIRCONIUM,   148 

ZOO  ANIMALS,   diets  for,   82-90 

ZYGORHYNCHUS  (SPP. ),   45 

ZYGOSACCHAROMYCES  (SPP.),   45,  202-208, 

238 
ZYMOSTEROL,   28 
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